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Location, Location, Location 


Itseems abvious that a person's reidentat 
neighborhood wil ifluence thelr sense of 
well-being, but thas been dificult to nait 
dave cause and effect Ludwig etal. (p. 1505; 
see the Perspective by Sampson) describe the 
analysis, 10 to 15 years onward, ofa large-scale 
socal experiment carted out in five US. cities 

4 in the mid 19906, Several thousand residents of 

E poor neighborhoods were given housing vouch 
fers that could only be used if hey moved into 

much less poor neighborhoods. In comparison 

to a similar group af individuals who aid not 
move, those who did experienced substantial 
improvement in their subjective well-being, 


2 Non P 


Nitrogen atoms form strong, relatively unreac 
tive triple bonds with themselves (nN) and 
with carbon (in cyanide and nitriles. In contrat, 
binding to transition metals often leaves an 
otherwise naked nitrogen center mare prone to 
reactivity. Dielmann etal. (p. 1526) prepared 
2 compound with nitrogen bound to divalent 
phosphorus, which acted more lke a metal than 
2 light element. Although the compound, for 
mally anitrene, was sufiienty stable to folate 
at oom temperature and characterize by aay 
ifraction, it ansferted the nitogen efficiently 
to unsaturated carbon compounds, 


Minimal Ice 


Water clusters comprising fewer than 100 
molecules have long been studied in gas phase 
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What Kitty 
Shares with Kings 


Although long-studied, the underying 
basis of mammalian coat patterns re 
‘mains unclear. By studying a large num 
ber of cat species and varieties, Kaelin et 
‘aL (p. 1536) identified two genes, Tag 
pep and Edn3, as ctcal factors in the 
evelopment offline pigment patterns. 
‘Mutations in Tagpep are responsible for 
the blotched tabby pattern in domestic 
cats and the unusual coat of wid king 
cheetahs. Gene expression patterns in 
cat and cheetah skin suggest that Fan 
1s a Ukely regulator of felid haircolor. 
The findings support a common model 
for coat and pigment pattern formation 
in domestic and wild cats, 


two model the more complex structures of fe and 
liquid water. At some stage, as clusters grow 
large, they effectively become tiny crystal of 
ee, but thas been hard to pinpoint precisely 
where in the range between 100 and 1000 
‘malecules the formal tansition takes place 
Pradzynski etal (p. 1529) used vibrational 
spectuoscopy to show thatthe onset af an ie 
like structure, indicated by acharacteitcally 
distinct absorption band inthe infrared, occurs 
ata cluster sizeof approximately 275 molecules. 


Keeping Track of 
Photon Phase 


ln optical interferometers or optical communica- 
tions, information is aten stored in terms ofthe 
phase ofthe navefom or light pulse. However, 
lucuations and noise can givers ta random 
iter inthe phase and amplitude of the optical 
ules, making it ficult to heep track ofthe 
phase. Yonezawa et al. (p. 1514) developed a 
technique based on quantum mechanical squeer- 
ing ta determine the phase of randomly varying 
optical waveforms. The quantum mechanical 
technique enhanced the precision with which 
the pase could be determined and, a optical 
technologies cantinue tobe miniaturized, should 
be helpful in applications within metology 


Patterning by Subtraction 


Sot lithographic patterning is usually a “pos 
tive" inking process. A polymer stamp is cured 

con a hard master substrate and then inked with 
molecules such a¢ alkane thiols, which can then 


cience 


Si 


be transferred to a secon substrate (uth as 
(old). However, the resolution ofthe transfered 
patter soften degraded by surface difusion. 
Lao eta. (p. 1517; se the Perspective by 
Rogers) obtained higher resolution ina subtrac 
te approach, in which oxygen-plasma-activated 
silicone stamps removed hydroxy terminated 
alkane thins from god surfaces. This lito pro 
‘cas also removed the termioal gold atom bound 
to the alkane thiol, The bare regions could be 
baciled with protein molecules, and multiple 
Moff steps could create patterns with features 
assivall as 40 nanometers 


Slip-Sliding Apart 


(ne versatile means of synthesizing nanometer 
seal cylinders has been to start with rng 
shaped molecules that stack on top of each 
other. Huang et al. (p. 1521; see the Perspec: 
tive by Zhang and Aida) took this approach 
step further by giving the rings a flexible 
slametee. Specially, rings were prepared 
‘consisting of six vshaped building blocks with 
hydrophobic sides that could side back and 
forth along one another and thereby expand 
‘or contrat the pore at the center. The rings 
Spantaneusly stacked to form tubes in diute 
aqueous solution, and heating induced contrac 
Vion ofthe whole tube in a process that was 
readily roversible on cooling 


A Pair of Planets 
Around a Pair of Stars 


Most of the planets 
we know about 
ctbita single star, 
hawove, mast of 
the tars in our 
‘galay are not 
single. Based on 
data fom the 
opr space tle 
scope, Oras et al 
(9.3511, published 
‘online 28 August) report the detection ofa pair of 
planets orbiting 2 pair f stars, These tw planets 
ae the smallest ofthe known transiting circum 
binaty planets and have the shortest and longest 
ctital periods. The outer planet resides in the 
habitable zone—the “godlocs" region where 
the temperatures could allow (iquid wate to exist. 
This discovery establishes that, despite the chatic 
environment around a close bina star, a system 
‘of plants can form and persis. 
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This Week in Science 


Identifying BAP1 Targets 


Inactivating mutations i the deubiquitinating enzyme BAP have been associated with cancer 
Dey ef al. (p. 1541, published online 9 August; see the Perspective by White and Harper) reveal 
molecular targets ofthe enzyme and shaw evidence fora cle in leukemia, Mice specially lacking 
the target of BAP, HCF-, n the bane marrow developed myeloid leukemia. BAP appears to be 
part f a complex that regulates modification af histones and gene expession important for narmal 
hematopoiesis and tumor suppression, 


Motoring Along 


Dyneins are large and complex molecular motos that ransprt cargo, 
along cellular microtubules and power the movement of cia An 
enigma is how microtubule binding and nucleotide hydrolysis ave 
oorinated between sites separated by 25 nm. Redwine etal 
(1532) report an electron microscopy strucute ofthe dynein 
microtubule-binding domain bound to microtubules in a high 

affinity state andl combined this with molecular dyoarnics and existing 
‘tay structures to provide a madel or haw dynein couples is afinty 
Far microtubules with the nuceotide-bound state ofthe motor domain 


Fixing on a Marine Partnership 


Nitrogen fiation by microorganisms determines the productivity af the biasphere. Although plants 
photosynthesize by vitue ofthe ancient incorporation of cyanobacteria to frm chloroplasts, no equiva 
lent endosymbiatc vent has occurred fr nitrogen fixation Nevertheless, in terestal environments, 
nitroge-fxng symbioses between bacteria and plats, fr example, are common. Thompson et a 
(p. 1546) noticed that he ubiquitous marine cyanobacterium UCYN-A hasan unusually steamtined 
‘genome lacking companents ofthe photosyntetic machinery and central carbon metabolsm™—all 
Suggestive of being an obligate symbiont. By using gentle filation methods fr raw seawater, a tiny 
eukaryote partner for UCYH-A of les than 3-ym in diameter was discovered. The bacterium stn the 
Cell wall ofthis calving picoeukaryote, danating fixed nitogen and receiving fixed carbon in return, 


Removing Fear Memories 


Disruption of reconslidation ofan activated fear memory prevents subsequent fear expression, After 
a memary eminder, extinction training can disrupt fear memary. In rodents, this process is depend 
enton a brain area called the amygdala. Agren etal (p. 1550) used functional magnetic resonance 
imaging and a fear conditioning paradigm to show in humans tha, after an associative fear mernary 
as formed, reactivation and reconsliation lela signature in the basolateral amygdala. This mem 
‘ory teace predicted late Fear expression, which was linked to activity in ateas forming the fear circuit 
of the brain. Extinction alone did not change this signal However, extinction inthe consolidation 
‘window blocked fear expression by erasing the fear memory trace In the amygdala and weakened the 
Connection in the wider fear crcl f the bain 


Recognizing Escaped Commensals 


In order to coexist peacefully, the billions of bacteria in aur qut and out immune system have reached 
a détente An itetinal mucosal firewal exists, so bacteria remain localized tothe qt, where the 
invmune syste i tghtly regulated so that these bacteria ate tolerated, Enteric infections, hmeve, 
lead to a breach inthis mucosal firewall, resulting in exposure f the peripheral immune sytem to 
the intestinal bactecalcatents What i he esult? Using oral Taxaplasma gandi infection in mice, 
Hand et al. (p. 1553, published online 23 August) show that, besides the gondt~specicT cll 
response, a commensal bacteria~specificT cel response is elicited. The CD4”T call-spectc response 
was tracked toa commensal-derivedflagelin, and these T calls expanded after T.gondi infection and 
formed long-lived memary cells able to respond to subsequent challenges. Ths, enteric infections can 
lead tothe formation af commensal bacteria~specii,Lang-ved memory T cells that reside through 
tut the body—which may play 2 ol in intestinal pathologies such a inflammatory bowel disease. 
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Prevention and Cost Control 


tiki Eman isthe PREVENTION STH KE TO COST CONTROL AND IMPROVING THE QUALITY OF HEALTH CARE IN ANY 
Vee over Gltal nations. Most people think of prevention as vaccines and screening tests. Bu itis etary 
Intlatesandchairot prevention keeping peopl wit established diseases from becoming worse—that holds tbe 
the Deparment of led+ estes promise or stengthening he health cae sytem. Wh? Heal care cost are unevenly 
‘alee ansHestt distributed across populations i the United States, 50% ofthe population wes hardly any 
Polya he Unversy heath care, whereas 10% consumes nary two-hinds fall healthcare speing The later ae 
af PennsvanaPila~ patients with one or ore chronic enditions, such congestive her fare ciabetes, cane 
delphi PAE Ge To contol con, we must prevent the conditions ofthis 10% patents rom worsening 
‘aloblaupenneds, Primary preventative stratepies (treating healthy people to ava disease), such as vaee 
nation, and secondarysrateges(agnosing and treating people who ar at risk of develop- 
ing disease) remain ertial interventions. Teary prevention improves the care of patents 
wth seriousandofenmulliple chon lesen requires extend- 
ing responsibility for their heath beyond the bsp and physician's 
ofc. This approach begins with atryentions that transfor mesial 
care entrusting eae to miisciplinary teams that share a common 
electronic heath econ witha single cae plan; giving the patient access 
toa bath care provider who hasthe patient's linia nots, diagnoses, 
smediaton tis and care plan and establishing specialized clinics for 
recuren problems also requires careful monring al home of early 
physolgi nds; requentineractions (in person by pone, ory 
E-ml toenkance patent engagement with their ov helt through 
activities cas det compliance: home services, nhiding house calls 
foremergencies; educition and support forthe patient's earegivers and 
family members; and even transportation services to fetty patients to . | 
and foe medical appointments. 7 
“This typeof intensive outpatient ear fr the chronically ill can 
achieve remarkable resis. For instance, CareMor, a private health plan foe seniors, has 
documented $6% reduction in hospitalization of patents with congestive beat failure and 
460% reduction in amputations fr diabetics * Overall, CareMere's Medicare beneficiaries 
fave a readmission rate of 10% as compared to approximately 20% forall Medicare patients 
(Medicare isthe US. federal health insurance program for seniors). Hospital lengths of 
Stay are 38% shorter than the national average. ‘he pinay cae team and specialists work 
together closely, avoiding many superfluous ests and weatments, This approach has drama 
cally improved the quality of care, with est savings Faused in thre areas: reutons in 
emergency r00e se, hospitalization and readmision rates, and use of specialists. Overall, 
{troupe such as CaeMore reduce costs by 150 20% 
“The expnson of tertiary prevention presets portant challenges How ean proven ia 
els be sueesflly tose into new settings? Can Medicare, Medicaid, an private payers 
transfor their payment systems to incentivize the appropiate types of services? Groups that 
have successfully implemented teary prevention usualy receive global capitation payments 
thatllow them fo refret resources and reward physicians and ober providers fr improving 
the health of thei patients, rather than rewarding them for tein ate exacerbations. Some 
tow, heath care systems mast move away ftom fe-fr-sevice payment sytem tha evards 
performing more interventions and poles teary prevention approach Any quit beats 
Care syste must contol cost. An effective implementation of tertiary preventative measures 
‘van important step this rection, while stultancously improving helt 
~ezekiel Emanuel 
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The Right Time and Place 


Spatial analysis, suchas that used in epderia- 
gy, s vulnerable to many eros, including that 
‘caused by spatial dependence or autocorrelation. 
For tansnsson af many ifectons navidu 

als need tobe neighboring, and because the 
fenvionment and behavior af nearby surround 
Ings tend to be more sila than distant ones, 
neighbors wil tend tobe statistically dependent 
This phenomenon causes campliations for 
accurate epidemiological modelling. However, 


pathogens can alsa be mapped in time, aswell 
as place, and evolutionary biologists have deve 


‘oped phylogeographic methods to aid this sort of 
historical sleuthing. Given current concems about 
the unexpected emergence of pathogens suchas 
West Nile views UNV) inthe United States, Pybus 
fa, have merged these concepts to develop 
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Surprising Origins 


Similarities exist between th 
mans and the 


lateral i 
ical moveren 


inner ear hair cells of hu: 


hair cells of fish, Both respond 


from sound waves or water, re 


spectively, and both atise from placades of head ectodeem 


during early 
lateral line 


and some reptiles, have a 
the middle ear that similarly contains hair 
to mechanical distortion, 
between the lateral fn 
how that these 
on. Studying the PTO in chickens, the authors 
fom a 


PTO deri 


pment. Humans, however, da nat ha 

Jan, Many amniotes, including birds 

atympanic organ (PTO) 
lisand responds 


ofan evolutionary link 


ages 
and the PTO. O'Neill eta. now 
tothe mark, but not right 
1m that 
dermal placode close by, but dstinet 


from, the placodes that generate geniculate neurons and 


distinguished by their patterns 
pression and the dé 


and genicula 
are nonetheless 
jon factor ex 


felapmental progressions that follow. 


The authors suggest thatthe PTO placode represents its ow 


opmental madul 
ident of those of the lateral lr 


an alte 


ative, less eror-prone approach. Tak 
ing data for WAY, they show how the diffusion 
covffcent and variation inthe spatial spread 
af a pathagen can be estimated fam genome 
data alone. This approach revealed that instead 
‘ofa steady front of east-to-west dissemination 
‘of WN, it progressed in ac by are long range 
moverens, probably triggered by bird migra 
tion or anthropogenic transport of mosquites. 
These rare events leave a detectable phylogenetic 
footprint. ignorance ofthis hitherto hidden 
heterogeneity has led in turn to considerable 
‘overestimation of the pathogens basic reproduc 
tive number, a kay parameter for estimating 
the epidemic potential ofa pathogen. — CA 

Proc Nt Acad, So S.A 209, 25066 (2012 


The Good and the Bad in ALS 


Amyotopic lateral sclerosis (AL) is a progres 
sive neuradegeneratve disease characterized by 
matoe neuron death, Development of effective 
therapies will require an understanding ofthe 
malecular and cellular mechanisms that go awry 
inthe disease—insights that often come from 
genetic approaches. Mutational analyses af rare 
hereditary forts of ALS have already implicated 
>12 culpet genes, Although several ofthese 
genes converge on cammon pathways, the ove 
all view of pathogenesis remains incomplete 
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Recent studies have uncovered two new 
‘genetic mutations that have an impact on ALS 
interestingly, in one case the mutations appear 
tw havea salutary effect onthe course of the dis 
ease. Through exome sequencing of tw large ALS 
families, Wu e al. discovered disease-asodated 
‘mutations in the PEN gene, which encodes the 
actin-binding protein profiin-. In cultured calls 
‘mutant profiin- formed insoluble aggregates 
and inhibited axonal outgrowth. Stating with 
‘a zabrafich model of ALS, Van Hoecke e al 
discovered a disease-moiying gene called 
EPHAA, wich encodes a receptor tyrosine kinase 
that interacts wth ephins, proteins involved in 
anonal repulsion. Inhibition of EPMA signaling 
had benefcia effects in sh and radent models 
TALS. Importantly, two ALS patients who carried 
inactivating mutations in EPHAS showed unchar 
acersically long survival — PAK 

tre 88, 49 (202); Mot. Me. 18, 2418 2 


Flip-Flop Messenger 


38 is a transmembrane protein present 
‘on lymphocytes that appears to function in 

signal transduction It has multiple enaymatic 

activities, two of which cause the generation af 
‘molecules that function to regulate the release 
‘of caliun frar itracellular stores [cyclic ADP 
ribose and nicotinic acd adenine dinucleotide 
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phosphate (NADP. Enigmatically honeves, 
he catalytic domain of CD38 has been local 
jae tothe outside ofthe cel. Zhao ete, used 
antbies specific tothe N-and C-termini af 
38 to lock mate closely at its orentati 
They ound that in multiple ell tines and in 
primary human peripheral blood mononuclear 
calls, afew percent ofthe cells expressed CD38 

with the catalytic Cterminal portion of 
tein the inside, with some cells expressing 
ate in both aientations. The authors 
propose that regulated expression of CD38 
in its diferent orientations might provide 
m for control a its effets on 

intraceluar signaling. — LER 
Se Signa. §, 967 (2032) 


Fast Protein-Binding 
Nanoparticles 


‘One posible use of synthetic paly 
meric nanoparticles isto target and 
bind protein in vio. As such, these 
nanoparticles have potential fr me 
applications, but often ther performance 
is tower in vivo than in vitta because af 


slow binding kinetics and nonspecific prote 
binding. Moshina eta. boomed the cancept 
of “induced fit" for enzymatic binding to 
substrates to improve the bioding kinetics of 
a polymeric nanoparticle. They used a poly 
Isopropylaciylamide (PNIPam) backbor 

has a temperature-diven phase transition from 
2 flenible random cll oa rigid conformation, 
The protein target, concanavalin A, binds the 
sugar mannose, To prepare synthe 


i polymeric 
nanoparticles that recognized the target protein 
{through multipoint interactions, the authors 
synthesized PINPam nanoparticles copalymered 
with p-acrylamidophenyl--e-mannopyranoside 
Nanoparticles in the flexible cantrmation 
have faster binding kinetics than those in the 
rigid conformation, but the lastest kinetics was 
observed atthe transition temperature betwe 
the swollen and collapsed phases. — POS 
Am. Chem, Sa, 1030218306053 (2032) 


Heavyweight Measurements 


‘One of the potentially mos serious consequences, 
of alobal warming is the rise of sea lve that 

will occu a the pala ice sheets shrink. Part af 
that sa-Level ie wil be due to ocean wating, 


because warmer water occupies larger volume 
than an equivalent amount of colder water the 


ater art wl be due ta more wate a these; 


SCIENCE 


Le, toa larger mass of water. Goad measure 
ments of ocean temperatures are avalable, but 
ut measuring the mass of 
the ocean? There may be an e25y way, according 
to Hughes and colleagues rom the UK National 
‘Oceanography Centre andthe School af Ci Eng 
neering and Geosciences of Newcastle Univesity 
ittums out that there are places on the ocean 
foo where the pressure ofthe overlying water 
4s not change much ia response to the wide 


ow does one goa 


ay of causes (such as acean dynamics, tidal ere 
ing, and changes in atmospheric 
pressure, among others) that 
can make it vary indepen 
ently of ocean volume 
changes. In such a spot, 
‘ne could theoretically 
installa single ocea 
bottom presure(OBP) 
how whole-acean mass 
was changing. The 
authors used models to 
identify a suitable spat 
and OB? measurements 
from the Pai Oca 
echnique’s 
potential. ther idea ie 


to usta th 


coe, and if OBP sensors with 
lw enough measurement dit can be developed, 
there may be a sweet spat far manitaring ocean 
‘mass changes. — HIS 

Geophys: Rs. Let. 39, 17602 (2 


Dissolving CO, in Brine 


CGatbon diotde capture and long-tem storage 
ate seen as ne way to mitigate and dele global 
warming. One idea fr capturing and staring 
Oc injctng it into the highly saline ground 
wales that ate common an mary continent 

lis of earit hydrologic 
nd have persisted for millon to tens af 


These brines ae ate 
millions of years (or longer) because their high 
salinity makes them denser than shallow esha 
systems. Using thecmodynamic modeling of 
the system CO,H,0-NaC-C2C0,,Steele-Maclnnis 
et a. explore what will happen to CO, when 
injected 26a supercritical fluid ito dep saline 
formations, with a goal of estimatin 
able storage volume. Intl, injected CO, wi 
displace the bring, but overtime, i wil dissolve 
inthe brine, Their thermadynamic analysis shows 


that this dissolution wil yield the most favorable 
storage conditions and will markedly eeduce str 
age volume requirements. it wil als increase the 
density ofthe brine, stabilizing i further. — BH 
Envir. So. ehna. 10 3024/e:301598 (2022, 
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minutes and 
58 seconds 

of video 

on accelerated 
mass loss 


from Antarctica’s 
ice shelves. 


One more data point on why 
you should spend more time 
at membercentral.aaas.org. 
There you can enjoy 
evidence-based videos, 
webinars, downloads, 
blogs, and discounts geared 
for people who live for all 
things empirical. 


AVAAA 


MEMBER‘ 


membercentral.aaas.org 
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Censured Chinese Officia's 
Promotion Ignites Anger 

An official who was reprimanded after a 
2008 seandal involving tained baby formula 
tas been promoted to deputy director of 
China State Foo atl Drug Administation, 
sparking cals for ransparency. Sun Xianze 
formerly versa fod safety Fr the agency. 
He was issued an official demerit in 2008, 
afer si infants ded and neatly 300,000 fell 


sick from ingesting milk powder laced with 
‘melamine, an industrial chemical that causes 


officials censured inthe wake ofthe tragedy, 
\Which also brought a government pledge to 
Improve food safety (Science, 28 November 
2008, p. 1310), 

‘Unuer the terms of Sun’s demerit, he was 
potallowed to advance in the agency for 
12 months —a term be has since served. 
Sill, his promotion brought public outrage 
Li Fangping, a lawyer who defended vi 
tims in the scandal, called for greater open 

“There should be public release of his 

résumé and wrongdoings before the promo- 
tion,” be tol China's Global Times. 
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A Forbidding Budget Outlook 


‘A spending freeze for now—but deep cuts 
‘may come late, Tha's the message sent to 
US. government science programs by two 
recent federal budget developements. This 
week, Congress was expected to finalize a 
temporary spending bill Ut will fund g 
ernment operations through 27 March 2013. 
‘The deal avoids a government shutdown 
and gives lawmakers more time to resolve 
spending disagreements over the 2013 fiscal 
year, which hegins on | October. This stop- 
ap measure freezes most agency budgets 
atcurrent levels (providing a tiny 0.612% 
increase), but gives the National Oceanic and 
Atmospheric Administration some extra cash 
to prevent further delays in two Earth- 
‘observing programs the Geostationary 
Operational Environmental Satellite-Riniia- 
tive and the Joint Polar Satelite System, But 
those and other science programs Face major 
spending cuts ifby the end of the year Can- 
tress can't reach a long-term deal to reduce 
US. deficits, the White louse warned on 

14 September. Spending om civilian research 
would shrink by 82%, and defense research 

y Taw that would 
impose aeose-the-board cuts 2 January 
2013 unless lawmakers act. Science advo- 
‘ales are imploring lawmakers prevent the 
automatic “sequester” arguing it would de 
state esearch, httpiscim.ag/budget_woes 


Japan to Phase Out Nuclear 
Power, End Monju Project 
Japan is embarking om a pla to end the 
use of ruclear power by sometime in the 
2030s al convert the Mon experi 
tal fast bree etctor into a suclear waste 
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transmutation facility with limited but 
unspecified lifetime, The policy rethink was 


Uwiggered by the March 2011 disaster at the 
Fukushima Daiichi Nuclear Power Plant and 
reverses a 2010 pla that called for boost 
{ng reliance on nuclear power froma about 
30% to 45% of generating capacity by mid 
century. Existing reactors will be shut down 
after 40 years of operation. The new energy 
policy, endorsed by a Cabinet panel last 
‘week, shifls the focus to conservation and 
renewable energy sources. 

‘What will happen to nuclear power 
related research "is yet tobe discussed” says 


Satoru Tanaka, a University of Tokyo nuclear 
engineer and former president ofthe Atomic 
Energy Society of Japan. It is also possible 
that the political party that wins the national 
elections, likely to beheld before the end of 
this year, could revisit the decision to phase 
fut nuclear power http/scimag/ reactor 


Child Mortality Falls, but Not 
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Fast Enough 
The Lo People’s Democratic Republic cut 
itch mortality rate by 72% between 
1990 and 2011. Tha ope ofthe most 
dramatic reductions detailed in a report 
released on 13 September by UNICEF, the 
‘World Heals Organization, the Work Bank, 
ani the UN, Population Division. Global 
child mortality has ills by 41% since 


: 
i 


news, but sill not good enough to meet the 
Millennium Development Goal 4 which 
tims for a two-thirds reduction i child mo 
tality between 1990 and 2015, 
‘Sub-Saharan Africa and Southern Asia 
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Pet Monkey Turns Out to Be New Species 


Conservation biologist John Hart didn’t set out to bag a monkey unknown to 
science. He wanted to survey bonobos in the unexplored lowland rainforest 
of the Democratic Republic of the Congo's Lomani basin. But a colleague's 
photograph of an unusual monkey on a bushmeat hunter's canoe changed 
his mind, Learning that a schoolmaster’s daughter living on the edge of 
the forest had adopted one of the young monkeys asa pet, Hart—with the 
Lukuru Wildlife Research Foundation in Kinshasa—and colleagues tracked 
its growth for the next 19 months. They also observed the primate in the 
wild. Unlike many ofits cousins, the monkey, locally known as lesula, spends 
most of the time foraging quietly on the ground in smal groups. Shortly 
before dawn, they liven up the forest with “boom” cals, but are otherwise 
hard to detect. On 12 September in PLoS ONE, Hart and his colleagues 
described Cercopithecus lomamiensis—the second African monkey to be 


“discovered! in 28 yes 


s. They are now monitoring the wild monkeys with 


‘camera traps and are working toward making the area a national park. 


accounted for more than 80% of global 


deaths amang children younger than Sin 
2011. Nearly a quarter of child deaths were 
jn India, in part because ofits large popula- 
tion, The leading eause of death was pne- 
aon, responsible for 18% af worldwide 


deaths in children younger than 5, followed 
by preterm birth complications, which 
accounted for 14%. 

[Besides sealing up basic health services, 
educating irl and women has significant 
impact on child survival, the report says. 


NEWSMAKERS 
, NIH Picks Translational 
= Center Chief 
“The Nationa Insiutes 
of Health has chosen, 
‘evelopmental neuro 
‘entcist Christopher 
J Austin to aiectits 
S-oth-o National 
Center for Advani 


‘Translational Sciences 
(NCATS). He starts on 

23 September and will head a $575 million 

wency med at addressing bottlenecks in 
the drug development process. 
Austin, who turns 52 next week, has 
spent most of the past decade atthe National 
Human Genome Research Institute, where he 


launched a set of small-molecule screen 


centers and headed programs such as dr 
Adevelopmoent for rare and neglected diseases. 
[Before tha, he worked on genome-based 


drug discovery at Merck for 7 years. 


Austin deseribed his promotion as the 


wwonsciancemag.org 


“culmination” of career-ong efforts to bridge 


basic esearch and the elni “This is really 
hard, ambitious, but deeply important mis 
sion We're all on" he told NCATS'S advisory 
council last week, 

Steven Paul former Eli Lilly esearch 
chief now at Weill Cornell Medical College 
in New York City who served on the search 
‘We came up with a tertific 
‘Chris has credibility with both 


person. 
academic investigators and the private sec- 
tor” htpscimagNCATSchiet 


Three O's 


‘The National Academy 
of Engineering (NAE) 
has nominated mechan 
ical engineer C. Daniel 
‘Mote J. former presi- 
dent ofthe University of 
Marylanu, College Park, 
from 1998 1 2010, as its next president. If 
lected by the academy's membership, Mote 
will succeed current president Charles Vest 
when Vests term ends on 30 June 2013. 


What challenges does the academic engi- 
neering community—and the U.S. en 
neering enterprise—face today? 
Many of the challenges they face are related 
to funding, but also the national commitment 


tw basic esearch and the competitiveness of 

U.S. research globally. Since 1990, the world 
into a globalization mode. 

Its no longer about controlling information 

and produts, Now, the game isto et 
jabally to develop your products, 


has been movin 


SCIENCE VOL337 


(0: What will your priorities be as president 
of the academy? 

Weneed to capitalize on NAE programs that 
create a flexible and agile engineering tal- 
ent base. We also need to update continuing 
education efforts, This responsibility has to 


{all on universities and colleges in the com 

years. They have traditionally seen this 
as.an auniliay responsibility but that needs 
tochange. 


Will international collaborations help 
or hurt efforts to foster innovation in the 
United States? 

There is a tendency inthis country to think 
that collaboration means the US. gives 
away knowledge. With collaborations, 


everybody gets something. Its hard ta sell 
products to diferent countries if you don't 
understand what they want and why. Ifpeo- 
ple spend time in different countries, you 
understand this picture a lot better, 
httpzscim.ag/NAEhead 


NOTED 
>Amy Bishop, a former assistant pro- 
fessor of biology at the University of 
Alabama, Huntsville, who shot and 
Ailled three fellow faculty members and 
injured three more in 2010 after being 
denied tenure, pleaded guilty ast week 
to capital murder charges. Under the 
terms ofthe plea, she'll avoid the pos- 
sibility of the death penalty and will 
instead be sentenced to life in prison. 
bttp/scim.ag/_Bishop 
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FINDINGS 
Hail Mary: Reptile Style 


‘Virgin births aren't unheard-of among ani- 
‘mals that reproduce sexually, But they are 
rare and were thought to occur oaly in cap 
tivity. So researchers studying the breed- 
ing habits of wild cottonmouth and copper- 
bead snakes —types of North American pit 
viper—were surprised to discover that 
and 5%, respectively, ofthe liters produced 
by wild female snakes did not involve males, 
“To my knowledge this the first time it has 
been described from a wikd-caught lite 

says geneticist Kevin Feldheim of The Field 


Museum in Chic 


Random Sample 


Citizen Science on the Sea Floor 

Calling all fish finders and scallop spotter: Seaflor Explorer needs your help! Launched on 
113 September, ths interactive Web site asks ordinary people to help spat interesting critters 
and objects in photographs ofthe ocean floor. Researchers hope these clizen scents can 
help them analyze the deluge of images (some 3 million per day captuted by an underwater 
voile called the HABitat mapping CAMera System (HabCam). Towed over the seafloor along 
the US. Eat Coast, HabCam has produced more than $00 million pictures that need analysis, 
For now, just 100,000 af them have been uploaded tothe Seaflor Explorer sit, but scientists 
plan to add more soon. “The information that we're gathering at least initial isto help 
Support our ability to collec infrmation an the interaction between different erganisms, ike 
sea stars and their predators,” says biologist Scott Gallager of the Woods Hole Oceanographic 
Institution in Massachusetts. Gallager also hopes that once enough pictues are analyzed, he 
‘an use the database to develop an automated classification system for HabCam’s images 
Seafloor Explorer isthe latest crowdsourcing projec rom Citizen Science Allance (CSA), the 
team behind Galaxy Zoo and thar citizen scence initiatives avallable an Zooniverse.or. “The 
techniques have been refined over a numberof projects now, and seem to produce excellent 
science," says Arf Smith, CSA tector, Zaoniverse projets have resulted in atleast 40 peet- 
reviewed papers, and Smith is cnfident that the data from Seafloor Explorer will Bump that 
‘number even higher Check out Seafloor Explore at hit: seaflaorexplrer. orl 


o who was not involved 
with dhe work. While evaluating data from. 


‘Public by AAAS 


‘Warren Booth of the University of Tulsa in 
Oklahoma and colleagues studied 22 cop- 
pethead liters collected in Connectieu, and 
37 cottonmouth liters collected in Geor- 
fia, They noticed that two liters—one from 
teach species —were very small and had 
developmental failures that might be signs 
of virgin births, or facultative parthenogen- 
esis. Genetic esting proved that both liters 
had no input from males, the team reported 
‘online on 12 September in Biology Let- 

ters. The next step, Feldheim says sto see 
whether those alma liters ae fertile, 


BY THE NUMBERS: 
56.7°C Hottest official tempera- 
ture on Earth, recorded in Death 
Valley in 1913, In a 13 September 
announcement, the World Meteo- 
‘ological Organization (WMO) 
stripped Libya ofits 90-year claim to 
the ttle after a WMO investigation 


concluded that the country's chart- 
topping 58°C temperature had been 
recorded incorrectly, 


kilometers Projected increase 
in global urban land area by 2030. 
This would triple the global cover- 
age recorded in 2000, according 
toa study published online on 

117 September in the Proceedings of 
the National Academy of Sciences. 


TWE 
Join us on Thursday 27 September, 3t3 p.m. 
EDT fora lve chat onthe scientific job 
market. htpisimag/scencective 
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Most of the scientific community long aga 
pronounced dead the theory that newly dis- 


covered yammaretrovirus, dubbed XMRV, 
was linked to chronic fatigue syndrome 
(CFS). Theidea, lnnched ina Science paper 
jn 2009, quickly garnered headlines because 
itmight explain the baffling disease and sug. 

st ways fo treat and prevent it. But since 
then, study after study has demolished the 
claim, and last year, Science retracted the 
paper (23 December 2011, p. 1636). 

[But the results of the biggest study of 
all had yet to come out. Funded by the US. 
National Institutes of Health (NIH) and led 
by lan Lipkin of Columbia University, the 
$1 million multicenter project finally pub- 
lished is results on Tuesday in miio— anal not 
surprisingly it concludes that the XMRV the- 
ory i really, really dead. What és surprising, 
scientists say is that Judy Mikowvits, the main 
author of the 2009 paper and the staunchest 
defender ofa role for XMRV: 
closely related—is won aver. Mikevits, who 
participated in Lipkin’s study, concedes i is 
“the definitive answer... There isn evidence 
that XMRV is a human pathogen.” 

Meanwhile, another group has also 
wrapped up some unfinished business. 
XMRV was frst eeported in PLoS Puthogens 
in 2006 by Robert Silverman of the Cleve- 
land Clinicin Ohio, along with colleagues at 
the University of California, San Francisca 
(UCSF); at the time, they linked the virus to 
prostate eancer. A new paper by many of the 
same authors, published in PLoS ONE this 
week, soundly refutes that link as well and 


‘or something 


describes their meticulous detective work ta 
explain how the spurious findings arose 

[But these authors have sparked a new 
controversy by saying that XMRV remains 
4 potential pathogen and refusing to retract 
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their 2006 paper. Indeed, two high-impact 
journals gave the new paper a thumbs-up 
but refused to publish it unless the authors 
retracted their original work, says UCSF's 
Charles Chiu, who didn't participate in the 
2006 study but whose lab did most of the 
‘analyses for the new paper, 

Lipkin’s study is one of two similar 
projects NIH funded after Mikovits pub- 
lished her 2009 paper, One, by the Blood 
XMRV Scientific Research Working Group, 
Ssetoutto discover iflabs could reliably detest 
XMRV infection in people and whether 
the US. blood supply was in danger. The 
Lipkin study, which used 10 times the 
raumber of simples, was designed to get a 
definitive answer on the link to CFS, 

‘To most scientists, the blood study, in 
which Mikovits 
also participated, 


definitely ruled 
out XMRV as a 
pathogen—even 


more so because a 
2011 paper by John 
Coffin and Vinay 
Pathak of the 
National Cancer 
Institute (NCI) bad 
shown that the virus 
‘was a bybrid of two ‘ 
dentally created in 
the lab in the 19908 
(Science, 23 September 2011, p. 1694). 
As a result, NIH received an 


his stud, 
Lipkin says. But Anthoay Fauci, diector of 
the National Institute of Allergy and Infec~ 
tious Diseases, says it was worth going the 
extra mile to disprove i, especially because 


amount of criticism for eoatini 
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‘What went wrong? Robert silverman ha to figure 
‘out how XMY contaminated his samples, 


CFS patients had become so emotionally 
invested inthe XMRV theory. "Now, it clear 
toeverybody that itis really over” Fauci says 

Three groups took part in Lipkin’ study 
Mikovits, formerly t the Whittemore Peter- 
son Institute (WPI) in Reno, Nevada, and 
her collaborators Francis Ruscetti at NCI 
and Maureen Hanson at Cornell University; 
aateam led by Shyh-Ching Lo atthe Food and 
Drug Administration, which in 2010 linked 
CFS to a related group of viruses called 
MLV (Seience, 27 August 2010, p. 1000); 
and a group atthe Centers for Disease Con- 
twol and Prevention that had failed to find 
any new virus in CFS patients, The samples 
\were blinded, and each team chose their own 
methods to analyze them so no one could 
‘complain thatthe right procedures weren't 
used, Lipkin says 

This time, none ofthe groups found any 
evidence of XMRV or MLV in 147 patients 
fo 146 controls. Mikovits and Ruscetti did 
find that about 6% of patients and conteols 
had antibodies to XMRY, result they chalk 
up to aspecifie binding effeets rather than 
XMRV infection. No previous study had 
isied to replicate her findings using her exact 
methods, Mikovits says. 


‘m forever grate- 
fulto an Lipkin for making it possible to par- 
Uicipate,” she says, Lipkin says he is “proud” 
bof Mikovits for accepting the outcome, 

‘The controversy around CFS had its ori 
tins in the 2006 study by Silverman and the 


Final answer. judy Nikos eft) says she's forever rate” olan 
Lipkin ight, ha ed big stu ofthe tn 


een KRY and CS. 


UCSF team that first reported XMRV in 
prostate cancer patients. A the link to CFS 
unraveled, Silverman realized that bis work 
might also bave problems, he says, and the 
2011 paper by Coffin and Pathak convinced 
ihm his results were due to contamisation. 
From then on, “I felt like I coulda’ rest until 
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[figured out how it happened.” he says 

“The researchers took tumor samples from 
39 new prastate cancer patients and tested 
them for XMRV using three diferent tec: 
niques; they also went hack to tumor tissue 
sill available froma the 2006 study. This time, 
they found no XMRV in any of the saryples. 
‘They did finditin archived RNA extracts from 
the 2006 study, indicatin 
had happened during sample processing 

Further studies—some using tech 
rniques unavailable atthe time ofthe original 
study-revealed that the virus originated in 
LNCaP, cell line infected with XMRV that 
Silverman's lab used for other studies. The 
LNCaP cells in turn, had become contam 


‘hat contamination 


inated by 22Rvl, another widely used cell 
line that also harbors XMRV: 

Silverman's group “deserves a medal’ 
says Kim McCleary, head of the CFIDS 
Association of America, a patient advo- 
‘acy group. Inthe long history of pathogens 
falsely blamed for CFS, MeCleary says she's 
never seen scientists so scrupulously retrace 
their steps. 
aside... to get tothe tut 


“These scientists put their e 
Pathak adds 

‘But others are less chatitable. Inthe dis 
eussion of the paper, the authors say that 
XMRV is still a “genuine infectious agent” 
‘with “as-yet undefined pathogenic poten: 
tial’; they point out that the virus is able to 
infect two primate species and mice and has | 
interesting biological properties that may | 
be useful, for instance, in cancer research. | 
Lipkin says he's “astonished! 
An accidental lab creation not accurring in 
nature is not a genuine infectious agent, be | 


by that claim, | 


says, and he worries that the language may 
inspire new hope in XMRV believers: “I | 
thought we were really done with this: 

Both Liphin and Coffin say the 2006 | 
paper should be retracted because its find: 
ings were wrong. But Silverman, who | 
retracted his labs share in the Mikovits | 
study 2 months ahead of the retraction of | 
the entire paper, says the 2006 study reports | 
the discovery of a new virus—and the rest 
has been corrected. There have been other | 
cases in which authors corrected, rather than | 
relracted, a spurious finding, he points out, | 
Chi adds that it would be odd for furure | 
papers on XMRV torefertoaretracted paper | 
‘asa description of the discovery of the virus. | 

Pathak says that although retraction would | 
be the best option—"just for the sake of set 

it may not make | 
much ofa difference; any decent scientist 
interested in the 2006 paper would find the | 


ting the record straight” 


new one as well, he says, Silverman and his 
colleagues, he says, “have already done the | 
tard part IWARTIN ENSERINK. 
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Warped Light Reveals Infant Galaxy 


Magnified, Thanks 


savitational 
da ga 


Sometimes nature gives you free of char 
a discovery you expected to cost billions of 
dollars. Just ask Wei Zheng and his fellow 
astronomers, who recently spotted a galaxy 
dating back a mere $00 million years 
aller the big ban 

“The galaxy, some 13.2 billion light-years 
from Earth, ets a new record for most dis- 
tant object sighted by astronomers. Such 
distant, ancient images are technically 
beyond the reach of existing telescopes. 
Imaging the infant universe is a primary 
al of the James Webb Space Telescope 
(OWST), being built at a cost of $8.7 billion 
and expected to launch in 2018, 

Yet Zheng, a researcher at Johns Hop- 
kins University in Baltimore, Maryland, 
and colleagues got a sneak preview thanks 
to gravitational lensing: an effect in which 
sravity’s ability to bend light turas weighty 
‘objects such as palasy clusters into maga 
fying glasses for sources behind them, The 
young galaxy showed up in images taken 
hy the Hubble Space Telescope because the 
massive gravity of an intervening cluster 
magnified it more than 15 times. “We got 
this image without additional funding 
Congress,” Zheng says in a joking reference 
to JWST, whose ballooning cost has forced 
NASA to ask appropriators for extra cast 
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On the Brink of the ‘Cosmic Dawn’ 


(Science, 19 November 2010, p. 1028). 

From studying the image, the research: 
ers estimate that the galaxy is less than 
200 million years old and formed more than 
300 million years after the big bang. Its 
estimated 100 million solar masses’ worth 


of stars makes it just 1% as massive as the 
Milky Way. 

In the timeline of cosmic evolution, the 
galaxy represents an era that is still filled 
with mystery. The universe was a soup of 
hot plasma for a few hundred thousand 
years afier the big bang. Then the elec: 
irons and protons in the soup combined to 
form hydrogen, The first stars and galax- 
ies are believed to have been born some 
300 million years after the big bang. Over 
the nest 700 million years or so, something 
reionized the universe, breaking its hydro- 
gen back into electrons and protons. 

Studies of the cosmic microwave back 
ground have broadly confirmed this time 


line, But key early details are missing, 
including what led to the reionization, 
Many astrophysicists have suggested that 
Ultraviolet (UV) radiation from early galas 
jes may have played an important role 

Zheng and his colleagues say that their 
discovery of the faint galaxy supports that 
idea, Because the magnifying glass that 
helped bring their galaxy into view covers 
only a small yolume atthe sky, Zheng says, 
itis possible that many other such galaxies 
‘Were around atthe time. 


Theoretical models of reionization 
associate most of UV production with gal 
axies of this or somewhat lower masses at 
exuctly the same cosmic tinte,” says Avi 
Loeb, an astrophysicist at Harvard Uni- 
versity. “However, with only one galaxy at 
hand, itis dificult to draw robust statisti 
cal inferences.” Loeb says ongoing lens 
ing surveys or future telescopes—such as 
IWST-—will help astronomers determine 
‘whether such galaxies were indeed the pi 
smury sources of ionizing radiation “at cos 
mie dawn 


Rogier Windhorst, an astronomer at Ari- 
‘ona State University, Tempe, and a member 
‘of JWST's science team, calls the discovery 
{impressive but adds that "Wwe definitely need 
JWST to find the main population of these 
‘objects including more distant ones, and 
determine their physical properties, 
‘YUDHIJIT BHATTACHARJEE 
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Did Neandertals Truly Bury Their Dead? 


LA FERRASSIE, FRANCE—The French Dor- 
dogne is known forts hearty wine, 
jris-—and spectacular prehistoric Finds 
This hamlet is home to one of the most 
famous: During excavations here beginning 
tore that 100 years ago, French archae 
ologists discovered the skeletons of seven 
Neandertals, including Tour children and 

fans, and the most complete adult Neaa- 
dertal skull ever found. They conclued that 
all were deliberately buried making thi site 
pivotal to contentions that Neandertals had 
symbolic capacities. 

Until now, that is, New excavations at 
La Ferrasie,co-lirected by archaeologists 
Alain Turg of the National Museum of Pre- 
history in nearby Les Eyzies-de-Tayac and 
Harold Dibble ofthe University of Pennsyl- 
‘ani, are in part designed to reexamine this 
Question, which many researchers had long 

Was itself dead and buried, “People 
are starting to talk about Neandertal burials 
again,” Dibble says “W's getting heated” 

The sakes are high: Most archaeologists 
stl think that Neandertals engaged in mor- 
tuary rituals tke moder humans do, which 
teas that they shared with our species & 
Fichly symbolic activity. "This is a eitcal 
issue” says archaeologist Paul Pettit of the 
University of Sheffield in the United King- 
dom, who is not a member of the teain 
“Burial is thought wo be a symbole act in 
itselT and thus is highly pertinent to our 
evaluation of Neandertals" symbolic abii- 
ties” and cognitive capabilites (Sctence, 
TWAugustp. 642), 

‘To find out more about how the La Fer 
rassie skeletons were buried, and whether 
they were deliberately placed or washed in 
from a higher point, the team has opened 
sew excavations immediatly adjacent to 
where two adult Neandertals were found 
“They're conducting microscopic studies of 
the sediments and comparing them to sedi- 
iments clinging to afoot bone uncovered in 
the original excavations. Ofcourse, new fos- 

{sis may also ep, and ast month the team 
2 dup up a human heel bone in the new exci 
§ vation area, though more analysis is required 
to confi it as Neandertal. 
8 The roughly 30 team members reflect 
{fiefs broader debate for despite colle 
al working relationships, they are deeply 
ae ‘on the burial question. Turg and 
5 many other French members ofthe tea see 
§ no reason to question the dominant para- 
8 ign that Neandertals ike many prehis- 


rich foie 
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torie modern humans, buried their dead. But 
Dibble and his North American colleagues 
do question it. “La Ferrassie bas always 
been considered the mother of ritual burial 
Dibble says, “but bow much of that is inter 
{ation versus real evidence on the ground?” 

‘The North Americans say their point of 
view was bolstered by the team’s exeava- 
tions at the nearby Neandertal site of Roc 
de Marsal, There, a complete skeleton of a 
Neandertal child found in 1961 was long 
‘considered to be strong evidence for burial 
But Dibble and his colleagues, including 
‘geoarchacologist Paul Goldberg of Boston 
University, applied micromorphology— 
«relatively new approach that puts entire 


archaeological sites under the microscope to 
find clues to how bones and artifuets were 
deposited —and concluded that Roc de Mar- 
sal may not have heen a deliberate burial 
after all (Science, 20 November 2009, p. 
1056, and 9 December 2011, p. 1388), In 
«4 paper published last year in the Journal 
of Human Evolution (JHE), Goldberg and 
some other team members argued from & 
‘microscopic and macroseopie study of the 


ediments in and around the burial site that 
the pit in which the child was found was a 
natural depression, and that its body, which 
was lying face down, may have slid down, 
into the pt from above. 

“Tury and team member Bruno Maurille 
of the University of Bordeaux in Talence, 
France, were not convinced, however, and 
declined to sign the JHE paper. “We com= 
pletely agree with the observations, but we 
disagree on theie interpretation,” Turg says. 
In Turq’s view, skeleton found intact—as 
was mostly the ease at Roe de Marsal— 
“automatically indicates the corpse was 
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protected” by some sort of burial practice 
that included covering the body with earth 
Maureille agrees, adding that parts of the 
skeleton such as the lawer vertebrae would 
be particularly susceptible to coming apart 
once the soft body tissues disintegrated if it 
were not deliberately buried. Maureille adds 
thatthe issue of whether the pit was natural oF 
ddug by Neandertal is not relevant, because 
the body could have been deposited deibes 
ately in a natural cavity. Petit, in recent pub 
lication, has argued that disposing of bodies 
in natural depressions is a form of “funerary 
caching.” and thatthe deliberate digging of 
graves may have developed later as a way of 
attiially ereting such burial spaces 

A core issue in the debate is the 
ria that should be used to define a delibe 
ate burial, and how well they are fulfilled 
at the approximately 20 Neandertal sites 
Where burial has been claimed, Tradition- 
ally, these have included whether a skeleton 
has heen found in a deliberately dug pit or 
‘natural depression; whether the bones are 
articulated, suggesting that they were pr 
tected from seavengers: the position of the 


Mother of buffets 
Toate have reopened 
vio at La sr 

sven Neander 


body: and the presence or absence of 
goods” such as stone tools, that might su 
gest ritual 

Back in 1989 and 1999, archaeologist 
Robert Gargett, formerly of the University 
of New England in Armidale, Australia, 
contended that none of these criteria were 
fully met in Neandertal burials. But at the 
lime, most archaeologists rejected Gargett’s 
arguments. “They were based on nothing, n0 
data,” Maureille says. Garget, now with the 
Ronin Institute for Independent Scholarship 
headquartered in Montelair, New Jersey, 
praises Dibble and his colleagues fi 
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ing the audacity” to reopen the question at 
Roc de Marsal and La Ferrassie. 

Within the team today, the clashing 
views come down to different notions about 
the default hypothesis: Turq, Maureille, 
anu other like-minded researchers say that 


plete with ritual 
activity, is a real 
“symbolic 

‘An additional er- 


terion is whether a 
“eultual pattern” 
for relatively intact Neandertal skeletons, can be detected, 
the default hypothesis should be that they 

were buried deliberately. But other team 
‘members start with the opposite view. “The 
default hypothesis is that i's nat a delib- 
trate burial unless you have positive evi- 
dence that itis,” says archaeologist Dennis 
Sandgathe of Simon Fraser University in 
Burnaby, Canada, who was the frst author 


ber Shannon 
MePherron oaeekneee 
archaeologist at 3 
the Max Planck 

Institute for Evo- 
lutionary Anthropology in Leipzig, Ger- 
many. Prebistorie modern human burials, 


his colleagues, says that “Wwe archaeologists 
can set the bar too high." The only “serious 


of the JHE paper. 
Dibble thinks the key question is not 
whether a burial was deliberate, but whether 


archaeologists confront “a burial or a 
funeral.” A burial, Dibble says, is simply a 
“disposal” of a body, while funeral, eom= 


LASER FUSION 


particularly those more recent than the time 
of the Neandertals, routinely include beads 
and red ochre, but “there is no patterning in 
this [Neandertal] tui” MePherron says 
But Petit, like many others who are not 
ready to embrace the doubts of Dibble and 


‘way to deal with this issue." he says, “isto 

excavate.” Andi that is just What the team at 

La Fertassie is doing, as it atempis tf 

‘out how seven individuals found here a er 

tury ago eae to this last resting place, 
“IMICHAEL BALTER 
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Ignition Facility Misses Goal, Ponders New Course 


The National Ignition Facility (NIF), a 
2.5 billion laser fusion lab in California, 


achieve that milestone, But we will continue 
to explore and continue to do ignition sci- 
cence experiments.” says Livermore Director 
Penrose Allright. Others view the missed 
deadline differenly. “I's going to be a big 
deal here, 


Energy, has until 60 days after the deadline 
to produce a report explaining what barriers 
to ignition remain, how they ean be over 
come, and what implications there are for 
the stockpile 

Manage 
National Laboratory, the home of NIF, are 
playing down the significance of the end of 
the National Ignition Campaign (NIC), the 
series of experiments due t run util the end 
‘of fiscal year 2012 on 30 September. “The 
NIC isa milestone, and we're not going to 


Tooks certain to miss its deadline atthe end 
of this month for achieving ignition, a self 
sustaining fusion reaction that yields more 

yy than was put in to make it happen 
This milestone is considered key for NIP 
twin goals: demonstrating the Feasibility of 
fusion eneruy, and ensuring the relibilty of 
the U.S. nuclear weapons stockpile. By lay, 
the National Nuclear Security Administea- 
tion (NNSA), part ofthe US. Department of 


ene at Lawrence Livermore " says a congressional aide who 


pore papel ede 
Meanie 1 prepare the report fr 
Congrats, doves of eacaches Gar Ove 
NNSA ded naoal brats and fom 
industry ar exanining NIC deta ay 
IF Were ekg vey hand 
dsr he sat of understand. 
ing andthe path florea sya 
Mary Hock depuy aac 
a User fr wens pais 
a1 Len Alamos Natal bor 
tryin New Mexico ha ead 
the fit de he eon 
NIF uses an apreet aled 
incl continent fasion (ICP) 
invwhichshge ser NIE i 
homoserine wel 
fret beams ort any die 
topes detsium ani. THe 
poses lac pulse cases he 
‘apt o ipods crshng he 
Rogen ful tos density 100 
tne at fled and eating 
ils of gre, nthe he 
Hydrogen nes ahould fe to 
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peodcoblin,tontons, an alatof ae, 
"The har ports geting the capsule 
implode smoothly and symmeeal enough 
to eat cea ha spt where uso wll 
ate. The bur shou then provide on 
Att ak it propepsten curv contucing 
most fhe fet Reseach have been ye 
ing opr ths proves since the 960s, bu 
to far Un energy output bas len fr hort 
of the energy a the laser pls hat causes 
the iploio—L Becpjutes ine case of 
NIP ice 
‘NI as ben controversial rm th start 
When fst proposed inthe ery 1990s 1 
parked age eap ver cxstng chao. 
What nade fy asa Livermore gave 
‘we rule: chowg that son power pans 
tre pose, aad fereatng the condone 
fa rier cpl weapons sla 
fan aide er eomputer ular and 
subs hop Well genset and ctenpoocas 
Sst bas, (Te United States stopped 
Conducting actual nla txts in 1992), 
Opponents of NI incling researchers 
atte ICF ab, red that NIF hd chosen 
the wrong ler lechnaony aod ype of 
and they centested NIFS ube fr sock. 
pil stewardship. “hve expested tis dye 
Says Christopher Paine, hed of the mulear 
program at the Natural Resouces Defense 
Coun, an environmental group in Wash 
ington, BC.“"A number of experts have pre 
tite it would bea boondogtle Sali-state 
tasers arcade en” 

‘Seis tcl problems daring NIP 
constuction delayed completion by 7 Jour 
and move than tripled te cost (Sclence 
17 April 2009, p. 326). In 2005, to keep 
things on rack the NNSA adopted the NIC 
2 ear oad apt ignition NIC inched 
preptatryenperincis a othr flies 
tnd rlied heavily on comptler slain 
Since experiments began at NIFin 2010, NIC 
hastakerp hr of he liye sus 

Despite widespread pase fr the qual 
iyortet 
to play along. Nu 
tales hae slowed progess wad gal 

§ lion Seence 28 Ostober 2011p #9). Se 
Pens cart progreas wih a mena called 
the experimen igiiontedhold factor 
| UTE). An inte plasma woul have an 
{resort orgreucr When NICeperients 
began, the TTFXC was 0.001; no 8.1 but 
§ has stbboralyremaoed tee snce st year 
{ Paie i seat: “Since heres ignition, 
felon gin, even the vale othe fy 
for stockpile Hewardaip fs compromised 
‘They ve wased over stilion” 
4 "Weapons scl and tsi research 
6 ers are doing valuable work on NIF because, 


even without ignition, t can produce unprec 
cedented conditions of temperature and pres 
sure, butthe congressional aide estimates that 
iff ignition remains elusive NIF will start to 
outlive its usefulness for stockpile stewart 
ship in a couple of years. 

‘The most recent interaal NNSA review 
of NIF, dated 19 July—aggregating the 
views of 10 experts from other labs and uni- 
versities concluded that the probability of 
achieving ignition before the end of Decem= 
ber is “extremely low.” Even the lesser target 
of observing helium nuclei from 
fusion reactions heating the sur- 
rounding fuel was deemed “ehal- 
lenging.” The reviewers high- 
lighted several problems, but 
their most pressing concera was 
that Livermore's computer simu- 
lations were not accurately pre 
dlcting what the researchers were 
seeing, The simulations say that 
theshotsNIF is doing now should 
be igniting, but the ITFX values 
show they are far from it. This 
‘mismatch means the simulations 
“are of limited uty in choosing 
the next set of experiments o per- 
form,” the reviewers said. 

Christopher Deeney, assis- 
tant deputy administrator for 
stockpile stewardship at NNSA, 
says managers there decided in 
the spring that a new approach 
was needed. A workshop beld 
jn May identified 19 areas that 
require more research, And now 
the researchers drawing up the 
report for Congress are also 
ooking at altemative approaches 
for NIFY future. One is “direct 
drive,” in which the laser beams 
shine directly onto the eapsule. 
(ia NIF% indirect-drive method, 
the beams illurninate a metal 
ean around the eapsule, causing 
ito emit x-rays that then caus 
the implosion.) Direct drive is 
championed by other ICF labs 
such as the University of Roches- 
ter's Laboratory for Laser Ener- 
getics and the Naval Research 
Laboratory. It gets more of the 
‘beam energy onto the eapsule but 
requires higher beam quality to ensure sym- 
smelty, Deeney says some direct-drive experi- 
‘ments are planned at NIF in 2013, 

"The specialist groups that have been work 
‘ng on the report to Congress delivered their 
conclusions to Hockaday and her fellow “ICF 
‘exces fiom the other national labs on 14 Sep- 
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tember, and the exees must deliver fist draft 
of the report to NNSA by 1 October. What 
future path NIF will take will bave to wait 
for Energy Secretary Steven Chu to deliver 
the report to Congress on 30 November. It 
seems certain, however, thatthe sehedul 

driven and simulation-reliast approach ofthe 
NIC will give way to a more scientifically 
methodical one, Deeney says the program 
will adopt a “discovery science mode, to find 


‘out why there is adiference between predic- 
iow and experiment.” 


All change? Optical assemblies that guide NIF's laser beams 
‘might ned costly econfigurationf the lab shits to dct dive. 


‘Whatever happens, the pace of progress 
toward ignition is likely to slow as Weapons 
scientists are clamoring to get more time on 
the machine. Having made do with 20% so 
far, they will be getting more than $O% ofthe 
shots stating in Fanuary 2013, 

DANIEL CLERY 
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INFECTIOUS DISEASE 


An Enterprising Time for HIV 


Vaccine Research 


BOSTON—Teaching the immune system 
how to outwit a virus that itself survives 
by outwitting the immune system is a huge 
scientific hurdle —so much so that several 
leading AIDS vaccine developers have fled 
the field, But those who have stuck it out 
and the younger investigatars who have 
joined them demonstrated at the AIDS Vac- 
cine 2012 conference held here last week 
that persistence may finally be paying off 
Several presentations offered new details 
about how HIV and the immune system 
interact, and others proposed novel yac- 
cine design ideas. But the meeting's most 
‘important outeome was less tangible: a new 
‘commitment to better coordinate this high- 
stakes bunt, 

‘That new commitment is Lar 


y coming 
fiom Bill Snow, recently appointed head of 
the Global HIV Vaccine Enterprise, which 
tims to accelerate the search for this pre- 
vventive tool. But the enterprise, « nonprofit 
based in New York City launched in 2008 
and endorsed by the G8 group of indus- 
trialized nations, has never lived up to its 
promise. Snow, who co-organized the mi 

ing, has bold plans—some already put into 
action—to stimulate collaboration, make 


better use of funding, and foster informa 
tion sharing. “Tonight, quite literally, I'm 
taking you to task said Snow at the meet 
ing’s opening ceremoay in a talk that criti 
cized the field for moving to slowly 
Unlike his predecessor 

distinguished scientists, Snow, who is HIV. 
infected, as no formal eientific raining. He 
‘came to the Field as at AIDS activist in 1989, 


Who were all 
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later helping to found the AIDS Vaceine 
Advocacy Coalition and sitting on prominent 
scientific AIDS vaccine committees. Nel- 
‘son Michael, head of the U.S. Military HIV 
Research Program, says Snow “brings moral 
authority” to the task. Carl Dieffenbach, 
Who heads the Division of AIDS at the 
National Institute of Allerzy and Infectious 
Diseases (NIAID) in Bethesda, Maryland, 
says there's also an advantage to having a 
nonscientist in charge, “He rationally ean 
see across the entire discipline, from basic to 
clinical research, and calls people out when, 
they start talking about things that area’t 
going to advance the field” he says 

“The enterprise was initially proposed in 
a Science Policy Forum in 2003 co-authored 
by Nobelists David Baltimore and Harold 
Varmus, leading vaccine manufacturers 
and researchers, and public health leaders 
(27 June 2003, p. 2036). They argued that 
the field should divvy up work along the 
lines of the Human Genome Project, with 
researchers and funders agreeing on 3ci- 
entific road map that spelled out priorities. 
Little of that ambitious vision occurred, 

Snow says a key aim is “strategic con- 
ening,” which led hin to gather Michael, 
NIAID’ Diefenbach, and representatives 
from nine other major funders of HIV vac- 
cine research far 5 hours to discuss priori- 
ties, rationales, and budgets. “It was pretty 
spectaculag" DiefTenbach says, noting that 
funders typically speak to each other one-oa- 
fone. “IS a different dynamic whea you've 
got everyone inthe same room.” One imme: 


diate outeome, he says, is “a new level of 
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change agent. rstuhile AIDS activist Bil saw nw 
heads the Global HIV Vaccine Enterprise 


collaboration” about one ofthe mest exct- 
ing lend being pursued so-called broadly 
tetiaizing antibodies, or BNAbs 

To date, antibodies made by vaccines 
have had litle poner against HIN: But for 
ENAbs from infected people tht, in test 
tions agninat a wide range aF HIV atc 
Sox, however noone hs figured aut Kon 

ine tha triggers UNA, 

At the meeting, William Sehief of the 
Scripps Research insite in San Diege, 
California, showed how his lab has made 
progress in teverse-engineering a part of 
IHW that prods th bod to make BNAbs. An 
ieunologiet who weined as a physics, 
Schiefstarted by analyzing crystal seu 
ture that contained a small piece of HIV's 
surface protein bound toa BNAB, This HIV 
perlide, he reasoned might be the basis of 
{vaccine if presented tothe imu 5 
tem in the precise shape that it atiaches to 
the BNAb, which he determined using 
sophistiaied computtional program called 
Rosetta. He then plopped the peptide into 
t poten sealed ta sop i frm wobbling 
But when nected into rabbits, did pro 
thce BNAbS 

Rather than scutle the concep, Schiet 
tested tina simpler systema, cespraory 
Syncytial virus (RSV). At the meting, he 
Showed thatthe rabbits injected wil the 
Stabilized RSV peptide mate BNAbs that 
Wodked intesube experiment. It venus 
more confidence thi is ponsble o make a 
aceite ths ny" std Shit, ho is eas 
‘essing why the HV experiment failed 

The enterprise's Sow i alsa posit 
the ed to resolve long-standing debates 
For3 years, reearchers have argued about 
the “Thai vaccine tral" which sowed mar 
tinal eMficacy (Science, 2 October 2009, 
P. 26), Presentations atte meting—and 
& paper published oaline on 10 Septem 
ter by Neure-deseribed new evidence 
that backs the contention that the vacine 
protected some people because of an enti 
Bony i triggered to's rion of HIV sur 
faoe protein Keown ex V2. Other develop 
ers py litle heed to V2 and shrug at he 
new data, Much is on the line, as the US, 
tilary and ts partners believe the concep § 
deserves large new tral in both Thailand 6 
anu South Aiea, Soow said it's high time 6 
that V2 ideas ether embraced by the field £ 
or east aside : 

JON COHEN 5 
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Cancers Join List of IIInesses Linked to 9/11 Attacks 


Lung eancer, maybe, but will some New 
Yorkers develop breast cancer and childhood 
ance rm the toxic dst crested by the 9/11 
terrorist lacks? Thats one question eased 
by the 

the eve ofthe 11th anniversary of the World 
Trade Center (WTC) attacksto provide medi- 
cal care wo firefighters and others exposed 
to the dust who develop ay of more than 
50 cancers Although some epidemiologists 
have eiticized the decision, others say it 
reflects an acceptable approach to evaluating 
the scientific evidence 

The collapse of the WTC: twin towers 
created a huge cloud of smoke, fumes, and 
dst lace with asbestos, metals, and other 
tarnful chemicals, Many workers athe site 
and survivors developed respiratory prob- 
lems that researchers have tied to the dust 
Jn 2010, Congress passed a law called the 
Zadoga Act that eeated a $43 billion World 
Trade Center Health Program to cave fr fist 
responders and people in lower Manhattan 
om 9/11 lacking insurance who develop cer- 
tain contions including ung disease, Those 
with iseases om the list eat also apply for 
Financial compensation 

‘The Zadroga Act also asked the National 
Institute for Occupational Safety and Health 
(NIOSHH to took at cancer. But in July 2011, 
Jolin Howard, NIOSH’: director, found ater 
8 review by his sa tha there was “insull- 
cient evidence” to support a acer link in 
part Because ofthe long lag time fr cancer 
to develop. 

Then in September 2011, The Lancet 
published the Fist epidemiological study 
tying cancer tothe disaster. The NIOSH- 
sponsored study found 32% more cancers 
alter 7 years among New York Ciy Grelight- 
ers who worked atthe site compared to nox 

exposed firefighters; the diference was 19% 
aller correcting forthe extra surveillance for 
Cancer inthe exposed workers. New York aw 
takers led a petition that under the Zadeoga 
aw, tequired NIOSH to forma siete panel 
torereview the evidence within 180 days. 
That pauel reported in March that it 

“pelieves that exposures resulting from 
Jthe collapse of the buildings and high 
3 vemperature fires ate likely to increase the 
2 probability of developing some cancers” 
4 The panel, made up by la of advocates and 
4, mix of scientist rom various ls, based 
$ ie comeluson largely on evidence that work 
& ereana survivors Were exposed to known ca 
8 cinogens and vat many bad lung or digestive 


jovernment’s decision last week on 


tract inflammation, which have been linked 
to cancer. It recommended that 58 cancer 
types as well as rare and childhood cancers 
bbe added to the ist of WTC-related condi 
tions, The panel included breast cancer, 
example, because the dust contained poly- 
chlorinated biphenyls and because women 
firefighters did shi work, both of which have 
‘been linked to this cancer, 

Howard followed up witha final rule last 
‘week adding the same list of eaneers. The 
‘agency relied on the advisers’ report and its 
‘own criteria that a cancer should be listed i it 
hasbeen tied to a careinogea inthe WTC dust 
‘rif epidemiologic evidence links it to 9/11 
exposures, Yet the notice acknowledges the 
lack of hard evidence: Information on indi 
vidual exposures “is extremely limited” and 

is absence impairs definitive seientfic anal- 
ysis of the relationship between exposures 
arising fom the attacks and the occurrence 
‘of any specific typeof cancer” the rule states. 

‘The scientific committee’ chair, epidemi- 
“ologist Elizabeth Ward ofthe American Cas 
cer Society, defends her group's report. 
the best scientific approach one ean use when, 
fone doesn’t have direct data. We're making 
inferences from other studies and accumu- 
lated knowledge to make the best conclusions 
‘we could” she says. The same reasoning led 
tothe 1964 US. Surgeon General report ink 
ing smoking with cancer, she points out. AL 
the same time, panelists did not always ag 
“The committee voted 8-7 not to include pros 

for example, partly because stud- 
ies have rarely linked that cancer to work- 
place exposures, Ward says, 

‘And according to e-mails exchanged 
among committee members during the deib- 
erations, environmental health researcher 
Virginia Weaver of Johns Hopkins Unive 
sity in Baltimore, Maryland, expressed cor 
cemabout relying on The Lancers firefighters 
study. Weaver suggested starting witha small 
list for now: "[RJecommending inclusion of 
cancers that are most scientifically support- 
able .. and adding additional cancers in the 
Fite should result in more credibility for our 
conclusions than adding controversial eancers 
now wrote Weaver, who didn't respond to a 
request for corament from Science 

‘Some scientists have, in fact, criticized 


foe 


NIOSH'S decision. “There is na serious evi- 
dence that 9/11 caused anyone's cancer” says 
Donald Berry, a biostatistician at MD Ander- 
son Cancer Center in Houston, Texas. Berry 
says that except for high-dose radiation, a 


brie exposure to a carcinogen is unlikely to 
cause cancer. Bul other researchers defend 
the agency and its scientific advisers. Epi- 
demiologist Graham Colditz of Washington 
University School of Medicine in St. Louis 
says that although the advisory panel recom- 
mended “more [eancers} than I would have 
expected.” it applied “well-aceepted stan- 
dards” used by other bodies, such asthe Int 
national Agency for Research on Cancer. 
Colditz says the same methods have 
shaped other reports, such as that of a 1994 
National Academies panel he served on that 


linked certain diseases in Vietnam War vets to 
the defoliant Agent Orange. Where scientists 
tisagree, he says, may be on “What we mean 


Hot zone. A scenic panel said toxic dust eeated 
‘on 9/11 could have conbued oS cancer types. 


by cause" An exposure ean contribute to the 
development of cancer without causing the 
DNA damage that initiated it, he notes. 
Environmental health researcher Joel 
Tickner of the University of Massachusetts, 
Lowell, says NIOSH made a reasonable pol- 
iey decision, “People who served the nation 
in risky types of professions should receive 
the benefit ofthe doubt, because the science 
fs always going to be uncertain,” he says, 
~JOCELYH KAISER 
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The country is making advances in 


applications such as intelligent surveillance arid infrared face 
recognition—and raising concerns among privacy advocates 


uy oe 


SHANGHAI, CHINA—Security cameras are 
ubiquitous ia Chine 
corridors, survey 


cities: peering along 
ing busy streets, scanning 
public spaces. Over the past decade, the 
‘country has steadily ramped up surveillance 
efforts, setting a target of installing 30 mil. 


lion security cameras by 2015, or roughly 
one for every 45 people 
‘The sheer number of cameras dotting 
urban China, coupled with the limited power 
of civie groups to safeguard the rights of 
ves privacy advo- 
‘ales pause. But the proliferation also poses 
problems for the watchers: Footage is typi- 
cally reviewed manually, by police officers 
sitting in front of a screen searching for a 
specific crime, says Stan Z. Li, director of 
the Center for Biometrics and Security 


Research at the Chinese Academy of Sei- 
fences’ Institute of Automation (CASIA) in 
Beijing. Hunting down a suspeet’s mug ean 
luke weeks or even months, he says: “Its 


very tedious. There isa huge, urgent demand 


for intelligent video analysis” 


‘That's where Li and is colleagues come 
in, Li, who advises the central govern- 
ment on building an intelligent video sur- 
veillance infrastructure, has developed an 
application called VSearch that “makes the 


21 SEP 


impossible possible.” he says. Through pat 
tern recognition and data mining, it allows 
users to sean footage for people that fit cer 
‘ain descriptions. With closed-circuit televi- 
sion (CCTV) footage ofa suspect wearing a 
red Tshirt and jeans, for example, officers 
can search other footage For individuals 
‘who fitthe bill. VSearch works similarly for 

‘We ean 


cars, searching by color and shape. 


help the user find what he nes 
‘amount of data.” Li says. 
the workload sigeificantly” 
Biometrics—a field that 
gerprinting to encompass emerging areas 
like gait and heartbeat recognition—is in 
its heyday in China, A large research Force, 
generous government support, and advances 
inthe algorithm speeds that enable biomet 


is roma huge 
‘We've reduced 


ew gut of fin- 


ric applications have pushed innovation in 
areas like intelligent surveillance and inti 
red face recog 
image-processing and machine-learaing 
labs now “compete with the top institutions 
in the US.” says Anil K_ Jain, a computer 
scientist at Michigan State University in 
East Lansing who sts o the advisory board 
of CASIA’ Center for Biometrics and Secu: 
rity Research and makes yearly visits to Bei- 
jing to meet with Chinese counterparts. The 


nition, The leading Chinese 
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number of publications from China is “quite 
impressive,” says Sébastien Marcel, an 
expert on pattern recognition and machine 
learning at liap Research Institute in Mar- 
gn, Switzerland 
Chinese biometric applications are 
being put to use for security in areas such 
as banking and sporting events—as they 
are in countries like the United Kingdom, 


where surveillance eameras are also ubigui- 
tous, But erties worry that concerns about 
an Orwellian state—oflen overblown in the 
past—are finally well-founded. They fear 
that the new technologies will help China's 
‘one-party state clamp down on dissent and 
monitor political opponents. Technologies that 
allow authorities to quickly sift Uru 


amounts of data “really aise the specter of a 
Big Brother society” says Nicholas Bequelin, 
‘researcher at Human Rights Watch in Hong, 
Kong. In China, he adds, “there will be a sea 
change in the ability of the security agencies 
to monitor nationwide specifi individuals 
for law-enforcement purpases, but also for 
prlitical motives 


‘An unlikely catalyst 
‘Chinas involvement with biometrics dates to 
the 1980s, when the Ministry of Public Secu- 
rity funded research at Tsinghua University 
and Peking University on fingerprint authen- 
lication, siys Zhou Jie, a computer scientist 
at Tsinghua University in Beijing. Globally, 
work on biometric recognition was coming 


into its own, In 1987, Lawrence Sirovich and 
Michael Kirby, mathematicians at Brown 
University, discovered a way to analyze faces, 
essentially by turning images into yeetors 
made up of pixels. Those processed images, 
called eigenfaces, paved the way for accurate 
face-recognition technology. 

Sophisticated security equipment soon 
‘proved its worth to Chinese authorities. Foot- 
‘age From surveillance cameras helped secu 
rity forces identify students and workers who 
had been in and around Tiananmen Square 
luring the 1989 protests. The eameras had 
been manufactured by a UK. company and 
theie installation paid for by the World Bant 
aceording to a report by the now-defunct 
Canadian government agency Rights & 
Democracy. In the wake of the crackdown, 
the US. Con 
tions banning 
‘equipment 
tes like fi 


ss enncted export restric= 

the transfer of crime-fighting 3 

including biometric technolo- © 
to China 


“Those export controls sparked China's 
biometrics boot. Chinese researchers “had 
to start fromm seratel," Jain says, by building § 
homegrown versions of Westera technolo- & 
ses China be 


nolling outits technologies & 
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on a large scale in 2004, when checkpoints 
onthe Hong Kong-mainland border installed 
and fingerprint-recognition systems for 
Hoong Kong residents who frequently cross 
the border 
A series of ambitious projects followed. At 
the 2008 Beijing Olympics, fuce-recognition 
systems provided by the Beijing company 
AutheaMetic helped verify attendees at the 


opening and closing ceremonies, by compar 
ing their faces to photos on thei ticket appi- 
cation forms. The stadium hosting softball, 


ames used hac 


nition to contol access wo the 
stands. Today, research into 
(China's third-generation iden- 
tification eards, which will 
use fingerprinting, are giving 
the industry another boost 
Zhou say, 

Li sums up the advan- 
tages of working in China in 
‘one word: “People,” “Its not 
unusual fora professor to have 
20 graduate students work- 
ing on face recognition, 
says. That workforce came in 
hanaly ia venture overseen by 
Song-Chun Zhu, a computer 
scientist at the University of 
California, Los Angeles, Zhu 
developed a technology that 


in 


another way to achieve Li’s 
goal of making video search- 
able, Much ofthe grunt work 
was done at the Lotus Hill 
Institute for Computer Vision and Informa- 
tion Science, which Zhu established in his 
hometown of Ezhou, Hubei Provinee, ia 
2005. He hired graduates of local ar colleges 
to annotate images, affixing them with labels 
from a predetermined group of categories. 
‘The employees focused on people and curs, 
aul just those two tasks kept thea busy for 
years. But by 2010, te lab had built a data- 
base of 2 million images containing objects in 
500 eat 

Althot 
behind other countries in the development 
and application of biometric technologies, i 
is now tackling problems that vex research 
ers around the world, Take spoofing, Stan- 
dard face-recognition systems can be fooled 
by a person holding up a photo of another 
individual's face, In response to that and 
other challenges, Li developed infrared face 


ch Zhou says China still lags 


ition. The application, which was 
used to confirm the identity of workers at 
Expo 2010 Shanghai China, “has a natural 
immunity to photos, because it uses differ- 
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ent imaging-process principles,” Li says 
‘Two speetra—one visual and one infrared 
make it robust, adds Marcel, who coordi 
nates Trusted Biometrics under Spoofing 
Attacks, an E.U, project to combat fraud in 
biometric technologies, CASIA isa collabo. 
ator on the project 

Chinese researchers are also tackling a 
more intractable problem: 


‘noncooperative 
face recognition. While technologies like Lis 
allow police to search for elothing and other 
identifiers, pinpointing 


specific faces in sue 


‘Changing faces. face look diferent in he visual spectrum whea lighting conditions 
change op roe), but raed images tay the same (bottom ro). 


veillance footage is tll impossible, Existing 
recognition technologies work best in cor 
trolled, evenly lit environments like secu- 


rity checkpoints, where subjects are facing 
‘one direction and positioned a certain dis: 
tance from the camera. That could change 
i researchers can develop technologies for 

faces fron different angles, in 
variable lighting, and over time, as a per- 


son's appearance changes, “The mos sigaili- 
cant challenge is Li says. “That's an 


unsolved problem” 


The specter of interoperability 

Tina presentation atthe 2009 Asian Biomet 
ries Consortium conference in Takyo, Tan 
Tieniu, director of CASIA’s National Lab 
oratory of Patter Recognition, said that 
among the sites targeted for irs-recognition 


systems and other biometsic technol 


in coming years are the country’s thousands 
of prisons, detention houses, and labor 
camps-—sites that house dissidents as well 
as prisoners. And the new flood of research 
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follows on the development of an extensive 
surveillance system. In 1988, only 2% of 
local budgets went toward public security, 
according to Christian Gabel, a political 
scientist at Heidelberg University in Ger- 
many and Lund University in Sweden. By 
2010, that gure had increased to 6%, Gobel 
Says--and the rise in absolute terms was 
even starker. 

“Today, lampposts in Tiananmen Square 
are studded with cameras, as are the homes 
‘of political dissidents, After a seties of peo- 

tests in Tibet in 2008, the Chi- 

nese government installed 
cameras at monasteries 
throughout the autonomous 
area, Riols the Following year 
in Xinjiang, a heavily Mus- 
lim region plagued by unrest, 
ht a similar response, 
Bequelin says: “There was a 
very clear policy of installing 
cameras to identify people 
and fo monitor in a Way that 


\was intimidating.” 
The lack of citizen pro- 
tections in China allows fo 
greater latitude in employ- 
biometric technologies. 


In China “you are able to 
cross images gathered from 
‘a CCTV system with other 
databases,” Bequelin says! 
“The key here is interoper 

ability” The Shenzhen com- 
pany China Information 
Security Technology Ine. is 
developing an identification ead for migrant 
workers that its Web site says will be trac 


able through police geographical informa- 

ion systems. “The [privacy] issue doesn't 
exist in China," Jain says. 

‘To be sure, many of the technologies 

being developed in China da not haye sin- 

erprinting is used in some 

provinces to verily the identities of students 


ister uses. Fin 


taking China's annual university entrane 
examination. Coal mines in northeastern 
China use an iris-recognition system that 
‘erew out of research done at CASIA to con- 
trol access and keep track of workers dur- 
ing an accident. “These technologies help 
to sustain authoritarian rule in China, but 
they're not only there for that,” Gabel says. 

hey also address concerns of the popu- 
lation.” And yet, Bequelin says, such dual- 
use technologies should be monitored “by 
a strong civil society or a political system 


that is responsive to citizens" concerns.” 
‘China, he adds, that “is just not there.” 
“HARA HVISTENDAHL 
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INFECTIOUS DISEASE 


Despite Setbacks, Optimism 
On Drugs for Hepatitis C 


Researchers hit speed bumps on the road they hope will soon lead to a safe, short 
course of treatment that will rid the body of this liver-damaging virus 


When a promising drug fails in elinical rie 
als, is usually no more surprising than a star 
baseball player striking out: Failure is the 
name ofthe game, But when Bristol-Myers 
Squibb (BMS) announced on 23 August that 
it was pulling the plug on a drug against 
hepatitis C virus (HCV) because of toxicity, 
disappointment reverberated throughout the 
field. Hopes were high for the drug: It was 


its “nuke” inhibitoc hae 2 clean record afar 


‘one of the furthest along in clinical trials of 
a new class of agents against HCY, and the 
Princeton, New Jersey, pharmaceutical giant 
had deemed itso likely to become a back- 
‘bone of treatment that it paid $2.5 billion in 
February to acquire the small eompany thea 
developing the compound 

Researchers are now trying to understand 
why the drug failed and the impact it might 
have on other drugs in the pipeline—some 
‘of whieh work through similar mechanisms, 
Most are cautiously optimistic, however, 
that other drugs in development will pan out 
and thatthe failure will not seriously dent 
hopes of curing the disease with a short, rl- 
atively safe course of treatment that would 
work worldwide 


‘The hepatitis C field was buoyed lst year 
when the first two druge that directly attack 
the virus came to marke, “Isa very excit- 
ing time,” says virologist Mark Sulkowski, 
medical director of the Viral Hepatitis 
Center at the Johns Hopkins University 
School of Medicine in Baltimore, Mary- 
land. “We ean begin to envision the possi 
bility of making a big difference both on 
an individual patient level and, e 
cexpansively, on a population level. In keep- 
{ng with that therapeutic optimism, the US. 
Centers for Disease Control and Preven- 
tion last month announced a major push 
to identify HCV-infected baby boomers in 
the United States 
‘group—and bring them into eare (Seience 
24 August, p. 903), 

Hepatitis C treatment represents a huge 
potential marketplace, and hetter drugs are 
badly needed. The World Health Organiza- 
tion estimates that HCV chronically infects 
150 million people in the world. Althou 
15% to 25% of those infected will clear 
the virus without treatment, up to 20% of 
the chronically infected develop cirrhosis, 
and 1% to 5% will die fron liver cancer ot 
liver failure. The mainstay of treatment until 
2011 was two drugs that have both anti- 
Viral and immune-stimulating properties 


the most affected age 


One is e-interferon, a natural protein p 


itmust be injected and has high toxicity. The 
second is a pill, ribavirin, that interferes 
With RNA metabolism, There are at least six 
different genotypes of HCV, and the drugs 
work better against some than athers; geno- 
type 1, whieh accounts for 60% ofthe infec 
tions in the world, is the hardest to treat. 
Geneties also has a major impact on a per 
son's response to treatment. What's more, 
neither of these drugs directly attacks the 
virus, their mechanisms of action remain 
murky, they cost up to $20,000 for a treat- 
‘ment course that runs from 24 to 48 weeks, 
‘and more than half the people who take them 
are not cured. (A cure is defined as a “sus 
tained virological response-24." or SVR-2: 
in which the virus can the detected for more 
than 24 weeks after treatment stops.) 


“The two directacting antiviral drugs that 
‘came to market last year both specifically 
cripple an HCV enzyme, protease. They 
must be taken with interferon and ribavie 
rin, and although these combinations aye 
higher cure rates—they work in roughly 
three of four people—they have extra toxici- 
ties and ean cost up to $50,000 per course. 
They are approved only for genotype 1, 
which is responsible for 75% of the 
mated 3.2 million chronic infections in the 
United States, the country with the most 
attractive marketplace, 

‘The BMS drug that failed in clinical trials 
inhibits different enzyme, polymerase, that 
the virus needs to copy itself. Like several 
‘other compounds in development that target 
HCV polymerase it works against all 
lypes and has a high barrier to the develop- 
ment of drug-resistance mutations. “These 
drugs are difficult for the virus to evade, 


fnd that’s fed them tobe very attractive 
Sulkowski says, Researchers were hopeful 
thatthe BMS drug ould be combined with 
other direct-acting antiviral drugs to pro- 
vide a eure without the need for interferon 
injections. But the company scuttled the 
drug ater serous liver and heart toxicities 
surface in a phase 1 clinical tal, sending 
nine patients to the hosplal, one of whom 
tied, The US, Food and Drug Administra 
tin puta “clinical hold” ona similar comm- 
pound made by Idenix Pharmaceuticals also 
in phase Il trials—and there may be a rip- 
ple effect on other drugs in development. 1 
think it will hve an impact on how regula- 
tory agencies evaluate the safety of all of 
these drug,” says David Nelson, hepatolo- 
{stat the University of Florida, Gainesville 
‘There® a mad rush to move forvard with 
these all-oral drug 
tead to arethink 

Drugs in development have four different 
viral targets and many researchers believe 
that iting FICV trons differen angles isthe 
best way'to defeat it (sce table), The poly- 
merase inhibitors like the BMS candidate 
ptmcteotde or nicleosie analogs int the 
viral RNA to cripple it and they are known 
asnkes." linia alae also underway 
fon “nan-nuke” polymerase inhibitors that 
work by other mechanisms. New protease 
inhibitors are in phase It and I clinical tr 
als, as are inhibitors of HCV NSSA repli 
‘ation complex roti, 

But the removal ofthe BMS drug and 
potetaly, the one made by Iden narows § 
the pipeline for the nuke class, Several other 3 
protising compounds in every class have & 
$s fae inthe past year“ year ago, when 
lof these things were sil ooking pood, 8 


rightly so, but it will 
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there was a Jot of talk about an interferon- 
free, dnect-acting antiviral combo succeed- 
ing, and the game is over," says virologist 
(Charles Rice of The Rockefeller University 
in New York City. “ICS amazing to me what 
the failure rte sili.” 

‘One nuke polymerase inhibitor has 
‘moved all the way to the final phase of clini 
cal testing, phase I, and has 2 clean toxicity 
record. Known as GS-7977, the compound 
was first made by Pharmasset 
in Princeton, New Jersey, which 
Gilead Sciences in Foster City, 


combinations now being tested still might 
not work in some people, AU the drugs in 
development, including GS-7977, have not 
been as effective in people who failed earlier 
‘on interferon and savin, His no mame 
diately clear why this would be s0: Those 
older drugs don't directly act against the 
Virus, so using them theoretically shouldn't 
create drug-resistant mutations that compro- 
mise direct-acting antiviral drugs. The Uni- 


HEPATITIS C DRUGS IN CLINICAL TRIALS 
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‘wofold higher success rate with treatment 
than the [L288 TT genotype commonly 
found ia African-American and Hispanic 
populations (Science, 29 October 2010, p. 
579). Nelson says the JL28B TT genotype 
‘might bea marker that people have compro 
‘mised innate immune responses, “You need 
innate immunity to control removing hepa- 
titis C from the cells," Nelson says. “Non- 
responders who have the /288 TT allele 
have a different innate immunity 
inthe liver that probably raises the 
‘barrier to what drugs you'll need.” 


Califoria,aequted ia lanary for TEE Es Be Gites Bischotborzer suspects 
S112 billion largely because of | that the problem might not be $0 
the drug’ “oustanding” early per FS — Sac ilractable. He says c-interfron 
formance in human studies, says and ribavirin may create non 
Norbert Bischofberger, Gilead's [¥59880%« Bones Suh Fiasell_ responders by, sy, leading HCV 
chiefscieatifieoficer. "We elt very [imxaea ens Phamaceais Phaellout ofthe liver and into another 
fornfortable about the compound” [wereiabine Tamanna Roche Prawn part of the body that the dtect- 


he says. (Another nuke included in 
thedeal went bythe wayside because 


acting drugs have more trouble 
aching. He says studies under 


it too, had serious toxicities.) dedataseir Brit Myers Squibb Phase way that treat naive populations 

Bischotherger suggests that [aatz67 ‘at abortarer Phase with only direct-acting antiviral 
there's les conser aout toxic [es sea5 pares Piet ogh il seve whether nore. 
ity with GS- wn the —- —i1— sponders area genetic phenomenon 
and Idenix nukes for several rea- | 5™2#36#05 eases Pratell or a consequence of o-interferan! 
‘Sons. One is that GS-7977 differs [TOXTID Idea Pharmareuials Phase havirin treatment. 


in both structure and the mecha- 
nism of action from the BMS and 


Bristol Myers Squibb 


‘Current treatments work best in 


people during early stages of dis- 


enix nukes. Secondly, the Gil- | 2=n=prer Prasell_ ease, and Rockefellers Rice wor 
cad drug has also been given to [S1201335 Boehringer Ingen Phase ries that the new drugs similarly 
‘many more patients than the BMS [sneer Tanstenbote tear hase may work wel in people with mild 
‘one—about 2000 compared to 250. [engrave Merck Phare liver disease but not in those with 
No one knows why the toxicities = aaa sei citthosis. “People in the greatest 
surfaced with the BMS drug, but [AT32" et aes Fie need of being treated and cured 
Bischofberger suspects the drug [AOF3625 ‘Acilion ramoceuiets [Pharell have the poorest response rates, 
‘might interfere with the working of  [ @anopre Hotinann-LaRochelGeneniech | Pavel and they aren't the front runners for 
‘mitochondria, which has occurred [65-9256 a 65-9981 | Glad sdences Phaser early-stage clinical trials so there's 
With some anti-HIV nukes. Mito fayesaza ae Mmew HOt AS much data for haw these 
chondria are energy factories, and drugs are 

Peththeartand ney highly [Ae amr oR TTT TT peptic 


cong dependent rss a Past Su apt ofthe faire ot 
Tesi aca C8977 om (arama teigegehcim [Pract the BMS de the tre os 0 
bined with eter avn or an fuusapins —{ wane aay FEST bh fr HV tet ht ay 
SEEN ir a ty OMS. oe EE TE ince sr encourging net 
one hopes 7977 crane of tase [SH eae tnt rp og sos 


‘other nukes will be the corner- 


fo market that are more effective, 


stone of an interferon-free re 
men,” says Rockefeller’s Rice. Studies 
that’ combine GS-7977 with the less 
appealing a-interferon and ribavirin are 
furthest along, however, and Bischofberyer 
says the company might seck regulatory 
approval for that cocktail as early as mid 
2013. The cocktail is being tested against all 
sin genotypes 

‘Although much excitement exists about 
the prospects of the new era of HCV treat- 
‘ment, researchers stress that the many drug, 


versity of Florida's Nelson says the failure 
may simply flag the fact that some people 
have a genetic background that undermines 
treatment efforts 

Sulkowski of Jobns Hopkins and cal- 
leagues revealed in the 17 September 2009 
issue of Nature that genetic variations near a 

sne known as /L.24B determined who best 
responded tothe d-interferan/ibavirin reg- 
men. Specifically, the IL2SB CC genotype 
ound in European populations had about a 


safer, and require shorter times to 
‘bring about a cure. “Clearly, patients with 
milder liver disease have reason to wait? 
says Nelson, who expects several power- 
ful new regimens on the market within 3 10 
5 years. Rice is more cautious. “We 
shouldn't say the game is over until is 
‘over he says, borrowing a line from base 
ball legend Yogi Berra. “We need a good 
stable of these compounds, and it’s probably 
going to take a while to get there 

“JON COHEN 
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Friends in Fungi 


ALTHOUGH FUNGI ARE A GREATER THREAT TO CROPS 
and forests than ever before ("Attack of the clones.” K. _Mycorshizal fungus. 
Kupferschmidt, News Focus, 10 August, p. 636), we avoid broad-spectrum fungicides, such as propiconazole 
should not expel them completely. Mycorshizal fungi are ancient and and fenpropimorph (/0). We eannot afford to generalize all fungi as 
indispensable plant root mutualists (7,2) that provide not only vital threats; we must learn to know our enemies from our frends 

‘ulrients to their plant hosts (about 80% of plant species) (3) but also GGSBERTD. A. WERNER” AND E. TOBY KIERS 
such services as drought resistance (4), heavy metal uptake (5), and pine Espa Scene, Unersty Anstrtn, 1081 NY Anstedan, Netherlands 
pathogen protection (6). Mycorrhizal fungi even protect plants from 

some emerging fungal diseases (6). 

Mycorthizae absorb soil minerals and exchange them for host 
carbon (3), allowing plants to survive in relatively nutrient-poor land. 
soils (1). The symbiosis acts asa major carbon sink, with plantsallocat- 2. 
ing up to 20° of their photosynthate to these fungi (3). Mycorthizal > 
fungi are thus key drivers of global carbon sa nutrient eycles, These 


Our fight against emerging fungal plant diseases 
should be strong and powerful. However, we must pro- 
ceed with caution, We should not blacklist all fungi 
‘but rather enlist those on our side. Our strategy should 


“Tan coresgondenc should beaded, Ema gamer 
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symbionts, which are found in association with most major crops (7) 
tae a key resource for developing a more sustainable agriculture. In a 
‘world facing rapid depletion of phosphorus fertilizer (8), appropriate 
‘management of mycorrhizal fungi could potentially save fertilizer aud 
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RECENTLY, THE U.S. HOUSE OF REPRESENTA 
tives passed an amendment, proposed by 
Congressman Jeff Flake (R-AZ), that would 
allow Congress to intervene in the National 
Science Foundation’s (NSF's) merit review 
process (1), Flake’s amendment would pre- 
vent NSF scientists from evaluating and 
supporting scientific studies of politics and 
‘government. This is a bad idea 

“The program targeted by Flake supports 


Letters to the Editor 


dged 


ether pubis 
dng fr 

ibe deguai 

ubmiucenes 


research performed by scientists with ara 
‘of backgrounds, including statistics, applied 
mathematies, the neurosciences, econom- 
ies, geneties, and psychology. The political 
science program has supported five Nobel 
laureates and has produced thousands of 
controlled experiments, precise definitions, 
accurate measurements, computer models, 
and other means of clarifying causes of what 
has happened in the past and the effeets of 
‘organizational decisions on people's lives. 
For example, the program supports experi- 
ments that differentiate seemingly plausible 
tactics for recavering after natural disasters 
from strategies that produce longer-lasting 
results. Another study identifies words and 
domestic commitments that change treaties 
from meaningless symbols to instruments 
for peace. Yet another project develops beter 
measures of what citizens se and want, which 
can help governments base policy on need 
rather ths “spin.” Many’ other studies clarify 
the inner workings of other counties, wich 


helps diplomacy and international trade 

In debates onthe Flake amendment, some 
have elaimed that you do not need science to 
explain government and polities. That is par- 
tially corret, Americans explain these topics 
inmany different ways. Journalists put distant 
events ito story form and make governmen- 
tal and politcal phenomena easier for people 
to visualize, These stories energize democ- 
racy. But many storytellers are not interested 
in objective evaluations of their views, Scien- 
tists, by contrast, often expect tobe judged by 
the detail and replicability of ther explana 
tions, When people’ lives and livelihoods are 
at stake, its not enough to spin a good yar, 
Societies benefit from being able wo dif 
tiate false tories from an explanation tht is 
consistent with logie and the best available 
evidence. Supporting a science that informs 
government and policy i eiical to aay mod- 
term society that Wishes to become or remain 
effective and efficient 

Fortunately, a recently passed Con 


ine 
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Resolution sustains NSF's current programs 
and has given the research community abit 
ofa respite, The next few months provide 
an opportunity for better minds to continue 
to support NSF's many contsibutions to our 
nation’s scientific infrastructure, When the 
time foranew budget comes, the United States 
Congress will have an opportunity to follow 
the example set by decades ofits foresighted 
predecessors from both partis. Atthat time, i 
should allow NSF to coatiue using its world- 
respected peer-review processes to determine 
When and how science ean best inform Amer- 
Jed. and the world about key aspects of policy 
and governance 


ARTHUR LUPIA 
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TECHNICAL COMMENT ABSTRACTS 


Comment on “A Common Pesticide 
Decreases Foraging Success and 
‘Survival in Honey Bees” 


James E. Cresswell and Helen I, Thompson 
Henry tf (Reparts, 20 Apri. 248) sed adel 0 
pedi that alan ella n oney bee cold be pre 
‘tated peste induced intonation that erupt 
ravgaton. Here, we show that colase disappears 
then the made! fs ealuated wth parameter values 
‘porate to the saton when mat peste tented 
‘ering oops icon. 

Full et at woo siencemayorpegieontentul337 
einai 


Response to Comment on “A Common 
Pesticide Decreases Foraging 
Success and Survival in Honey Bees” 


Mickaél Henry, Maxime Béguin, Fabrice 
Requier,Orianne Rollin, Jean-Francois 
COdoux, Pierrck Aupinel, Jean Apte, Sylvie 
Tehamitchian, Axel Decourtye 

esol and Thamson have sugestdan elegant way 
taimprvehaney ee clay simulations when areca 
ing the fat of lores exposed to pests. Following 
their recommendations, we fesaled the model an 
4 round empial dataset The adjusted forecast 
besker than thei tentative seni 

Full tet at wmasciencemag.argiegiconteneall337/ 
en0unasi-c 


(CORRECTIONS AND CLARIFICATIONS. 


Reports: "Shsractvatd nanaterapeutis for dug 
fapsting to obstructed load ysl by N Kar a 
{30 August, p. 738. The Report was puis nin on 
S uly 2012, not 28 une 2012 a cated, The HNL 
and PDF vetonsanline hve been caectd. 


News Focus "he ingens 4000 ld pat 
uy” by ale (20 yp 286th para 
fran, the alee to Wacington tte erty. 
{WSU nvaneae WA, not Vanover, BC Tisha, 
tee cored nth the HNL and POF vero one. 


Honorary Authorship 

In thoi 31 August Etrial(p. 1019), Greenland and P. 8. Fontanarosa 
called on researchers fo put an end t honorary authorship. Honorary 
Authorship remains common; researchers add the names of prominent sc 
ents to boost thee paper’ credibility, and senior scientist demand that 
their names be added tothe werk of younger researches. Greenland and 
Fontanarosaasert that adding authors who didnot contribute directly is 
fraudulent, and they urge journal, research institutions, and senior sc 
eis to adres the problem, Readers wrote in toad their perspectives 
‘many with their own experiences of being pressured to add authors to 
their work. Excerpts rom some of thse comments are below You can read 
all the comment at htp:#commentssciencemag.or/ 
‘onten/10.1126/sience 1224988, 


Aselection of your thoughts: 


{Asking al authors to take ret for the whole of the works poten 
Ualy problematic and might dampen wilingnes to collaborate. Taking 
‘edit fr what you have contributed and beng wiling and aware of the 
entre content of a paper might be a reasonable compromise. 

Jim Woodgett 


Since they are named on the grant, most Ps and co-ivesigators wll 
vant thet names a project papers regardless of whether they have con 


tributed tothe published work or not ores 


if you want ths to work, journals should remove author names and 


affiliations while sending papers for review. 
ee Ram Subramanian 


The final paragraph of the Editorial] suggests that it wl be the senior 
scientists tat wil set an example forthe younger generation. suspect it 
wile the opposite, that our students wl learn how to d it right despite 
us Asthe wise man sad, "Sclence advances funeral by funeral 

David Barnert 


[A what point should a tbe dropped frm the author lst? They are, 
‘ater al usually responsible for the whole research project, even ithe 
cual ube of conversations held with the fst authori mma 
Shoulda Pl who becomes essential a manager and behind-thescenes. 
advocate fr the science of athers never be author ofa paper? 


—fulia Hargreaves 


{Mlhe community must close existing loopholes in academic authorship 
Standards such asesearch projects [thal share their data only wth 
researchers who agree to add the respective consortium tothe autho st. 
of published papers using these dat... [hese groups declare that by 
Induding afotnote in which they renounce authorship, they are merely 
aiming eet as nan-author contributor... Futue authorship standards 
should, therefore, clearly state that only authors maybe listed on the 
author byline... the same tim, incentive ystems for contributions 
‘uch as data or software shouldbe created to reduce the perceived need 
for quid pro quo authorship. Researchers who provide resources othe 
commurity should be abl ost these contributions in thelr résumés, and 
‘equal consideration should be given to these and tational publications 


in funding and promotion decisions. 
ook Torsten Rohlfing 
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Comment on “A Common Pesticide 
Decreases Foraging Success and 


Survival in Honey Bees 


James E, Ceesswell?#* and Helen M, Thompson? 


Henry etal, (Reports, 20 Api, p. 348) used a model to predict that colony collapse in honey 
bees could be precipitated by pestcide-induced intoxication that disrupts navigation. Here, we show 
‘that collapse disappears when the model is recalculated with parameter values appropriate to 

‘the season when most pesticide treated flowering crops bloom, 


semicon suchas hme 

‘nd imiacloprid, are curently among the 

most widely used insecticides in crop pro- 
tection (1). Neoniotinoids are applied as foliar 
sprays or seed dressings, andthe chemical per- 
vad the plant systemically to protect it against 
insect pests (2). Honey bees (dps mellifera) 
ingest residues of these pesticides when they 
‘consume nectar and pollen fom nconicoinoit- 
‘weated flowering crops (3), and there is concer, 
that this may contribute to caloay collapse be- 
cause the nevnicotinos are neurotic ta maces 
(), Consequently, itis important that pesticide 
regulators ase the risks that dctry pesticides 
pose to honey bees. 

Laboratory tals have shown that doses of 
sdictry neanicotinoid at race levels (up 10 10, 
pars per billion) are capable of harming inivid- 
ual honey bees a sublethal levels ($), For exam 
pl, distary exposure to race dietary imidacloprid 
ts expected to rice behavioral performance in 
adult honey bees by between 6 and 20% (6) 
However, in a social insect like the boney bee, 
the ecologically relevant entity is the colony, not 
the individual. Therelre, itis important fr risk 
assessors fo establish whether the ects observed 
fom individuals in the laboratory translate into 
impacts on colonies 

No published fcld experiment has yet had 
caicient statistical power to detect ellects on 
colonies of the magnitude observed om nvidia 
hess in the laboratory (6). When decisive ex- 
‘enments are unavailable, scientists may instead 
take foscasts wis models and compotr sim- 
lations. This approach has been wed in the ease 
fof global climate change (7), and the results 
the the potential to he highly influential among 
policy-makers and regulators. In their recent 
paper, Henry er al. (8) used this approach and 


‘cece, Colge oe and Evvonmental Seca, 
nies af xt, ati Pape Bulag, tc oad, 
tr ©4400, Ui cen fr Pltin Stes Un 
‘eo af alta 35 Batgunge Cals Rd, Kala 
e018 date Food and aonmentReach ge, 
‘Sd it, Yon YON ILE Uk 

sta whom carespondence should be adesed. male 
ecteselienac at 


prodicted impact on honey’ hee colonies of dic 
tary thiamethoxam Specialy, Henry et al. (8) 
solved a model of eolony dynamics (9) and con- 
sled that collapse would be precipitated be- 
cause pesticideinduced intoxication disrupts 
‘avigation and foragers fail tortura home. Here, 
‘we show thatthe pectin may be inaccurte 
‘when more environmentally relevant parame 
valies are used 

Henry eta. popolated virtually al parumcsrs 
fin their model with empirically based values 
except one, namely w: Parameter w moderates 
the maximum daily mie of production of new 
workers, Z, 0 that it has densiy-dependent 
sigmoidal sponse: Lx N/(N + 0), where N is 
the number of adult boss in the colony, Thus, 
represents the colony size a which new work 
fers are produced a half the maximum rat. The 
briginators of the model (9) appear to have 
chosen a value of w to generate model outputs 
that ft observations of the average age of onst 
of foraging by adult bees and their overall ie 
span (10), 


Fig. 1. The change in 490) 
Sa of honeybee clony 

ver 30das anid ret BO 
ative tothe parameter 60 
tatonemtentdt § ao 
prodiion af new adult 
workers, w Wax), for B20 
thvee scenarios of pesi- SO 
cideegoure Upperaine 99 
(dosed todd g 
rmoetalty with no ads- 40 
tonal morality due to B69 
pesticides; middle uve 
lepencices) badgyound <j ~80 
moray with adatonal ~~ -100 
moat deo peste ? 
‘nde navigation ale 


Ina familar landscape 
lower eve (load ane 


40 


‘The models output is very sensitive to the 
value of w (Fig, 1) Like the mode!’ riginators 
(9), Henry et al. assumed that we ~ 27.008 (8), 
‘ut thie is unrealistic because a colony of 18,00 
adult bees (8) then grows only by He in a 
‘month in the absence of pesticide (Fig. 1). In 
spring or early summer, which is when bees in 
Europe ar typically exposed to neonicotinaid 
treated masflowering crops such as cilsced 
spe (Brassica napus) (8. 1), a colony of this 
size cam increase by "40% over 30 days (12,13), 
‘which is consistent with w= 16,000 (Fig, 1) 
Indeed, using w = 16,000 in dhe model very ac- 
curaely procs observations of alt lie span 
‘on similarly sized colonies in the absence of 
pesticide (0), Specially, we find a very good 
‘comespondence betwen model snd observations 
(10) in both the average age of onset of foraging 
thy bees (model = 17.8 days versus observed 
1.7 19 19.4) and overall dul ite span (mode 
243 days vermis observed = 223 to 228), Thus, 
‘ur ale fr ales as puso that used 
bby Henry etal. We speculate that Henry et a's 
w= 27,000 may be more appropriate for fore- 
‘ting pesticide flocs om a slow-growing colons, 
perhaps in suum, 

When we recalculate the model using w= 
16,000 and with pesicide-induced loss of for- 
ager at the rates measured by Henry et al, 
pesticide expiorure severely redces colony size 
only if the intoxicated workers navigate an un- 
familiar lndscape (Fig. 1). However, the ex 
perimental doses of the neonicotnoid pesticide 
‘hiamethonam administered by Henry etal. are 
lly total, which would seem fo assume dha bees 
faage from a trated crop repeatedly throughout 
the day. The experimental doses are therefne 
propriate only to bees operating ina familar 
landscape. From this interpretation, the model 
reds that month of pesticide exposure leaves 


1520 
W (thousands) 


2 30 


9s), background mortality with additonal morality due to pestcde-induced navigation failure in an 
Unfamiliar landscape, Horizontal dashed tine indicates zero colony growth; vertical dashed ine indicates 


the value of w = 16,000. In these solutions, the inital sze ofthe colony is 


= 18,000 adults, but. 


15,000 produces vinually identical results. Other parameter values areas given in Heny ta). 
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colony size virtually unchanged (Fig. 1) and 
‘would not precipitate colony collapse 

‘As Henry fa’ expenments so elegantly 
demonstrate, there is no question that dietary 
thiametboxam harms honey bee colonies by ele- 
ating the moray of adult foragers though 
navigation failure, atleast when the entre daly 
intake of a forage is consumed ina single dose. 
“Horse, whats at issue is whether tiameshoxam 
is capable of causing colony collapse, Our re- 
suis suggest that dicary thiamethoxam would 
‘ot precipitate collapse in healthy colonies in 
spring, nt this does not rule out the posit 
that colonies wil be more vulnerable later in the 
‘year when thei capacity to replace lost workers 
ina diminished, Based on our analysis, we argue 
that (the forecast impact of thiamethoxar on. 
hhoney bees is nuanced, being highly contingent 
con colonies’ capacity for producing workers; (i) 
pesticide regulators should be autious in using 


this model's outcomes when formulating a stance 
fon contlling the fare se of thamthoxam: 
nd (i) colony-growth models may have a very 
important role in fiture risk assessments, bot 
fier rescarh is equied to ensure hat they’ are 
filly validated and appropriately configured for 
the environmentally relevant context in which they 
sae tobe applic 
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Response to Comment on “A Common 
Pesticide Decreases Foraging 
Success and Survival in Honey Bees” 


‘Mickadl Henry"? Maxime Béguin? Fabrice Requier,“® Orianne Rollin2=* 
Jean-Francois Odous,”Pierick Aupinel? Jean Apel Sylvie Tehamitchian,™* Axel Decourtye®* 


‘ressuell and Thompson have suggested an elegant way to improve honey bee colony simulations 
ven forecasting the fate of colonies exposed to pesticides. Following thelr recommendations, 
we rescaled the model on sound empirical dataset. The adjusted forecasts bleaker than their 


tentative scenario 
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noted that our parameterization (w= 27,000) 
‘assumed an 11% growth only in the absence of 
Pesticides and therefore predicts an excessive 
decrease far exposed colonies (-30% with 
‘m= 0.102), 

‘The technical comment by Cresswell and 
Thompson is a sound cautionary note about 
simulation-based risk assessment of noninten- 
tional pesticide elfets, However, we would 
like to retity an inaccurate statement in their 
comment. We didnot lain that our snaulaton 
‘outcome had predicted colony’ collapse due to 
homing failure. Instead, we concluded thatthe 
levels of homing failure we measured are high 

to cause “a major deviation from the 
expected dynamic" (1), This conclusion is not 
ruled out by Cresswell and Thompson's model 
adjustment, as is merely strated by the virally 
tonstant colony size gap (a ~45% diference) 
between exposed and nonexposed scenarios, 
regardless ofthe chosen we vale [figure | in (3) 
Furthermore, we belive thatthe tentative value 
‘of 40% fr colony growth on which Creswell, 
‘nd Thompson have based thee reasoning snot 
robs. I oom tat it was obtained from dee 


Fig. 1. Empiral honey 
bre coey se da (1 5 
sed to recalculate pop 

lation medels Colony sae 
‘smeasured biweekly by 
\ehtng al ive elements 
(come, ames and super) 
with and without bees, as 
a pt ofthe ECOREE man 

itoring facility. Seasonal 
changes in colony sie are 
‘modeled by 2 temporal 
spin GAN. The shaded 
‘ea denotes ced rape 
blooming period, 


30000 


25000 


Colony size (individuals) 


‘monitored colonies only, and no indication is 
given on the use of sce ape in the vicinity (4). 
Given the tremendous varisilty one usualy b= 
serves among colonies, any atempt to derive 
‘moll parameters from empirical data deserves 
stronger suppart Here, we followed Cresswell 
and Thompson's valle suggestion to solve the 
‘akculation of, using astrong empirical dataset. 

We reanalyzed the ECOBEE (Ecological 
Honeybee Colony Monitoring) dataset used in 
‘ur original study to sta range of elise stat- 
ing values fr colony size (1). ECOBEE is man- 
‘aged by our rescarch groups withthe objective 
to provide ecologists with detailed honey hee 
colony dynamic data under real beekeeping 
‘management conditions, Calony monitoring data, 
ineluding adult population size, ae collected 
hiveekly within a network of about $0 colonies 
per year. Over the 2008 to 2011 beekeeping 
‘e1sint-— ie, before thimethoxam was markets 
far oilsced rape protection in our study area a 
total of 208 colonies have been monitared. They 
-were allocated into 40 apares, evenly distributed 
‘over the 450-Knn” study area in oder to cover 
‘wide range of landscape conten. As explained 
in our orginal sty, this terry an intensive 
cereal farming system where oilseed rape ac- 
‘outs for § to 10% of total and cove. 

We computed an empirical colony size mode 
to derive real colony growth data and to re- 
‘compute exposure simulations accordingly. Col- 
‘ony size was modeled using generalized additive 
mixed models (GAMND. This modeling teh 
rigue allows adjusting a temporal spline based on 
‘maximum likelihood, while ving the possiblity 
to account for repeated measurements on the 
‘sume colonies within a given year. Te temporal 
axis was scaled on the Julian date since the be- 
‘sinning of olsced rape blooming. Blooming dies 
fare available from local long-term phenological 
surveys (5). The temporal spline predicts a stesp 
‘opalation growth encompassing the blooms 
period, and a gradual decline thereafier.ascol- 
‘nies expend less effort into reproduction and 
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more into fod storage (Fig. 1), Although the 
cilssed rape blooming period hardy lasts mare 
than I month in a particular field, there is 3 
substantial temporal lag among fields and phe 
rnotypes, so that blooming period covered on 
average 48 days tthe territory scale during the 
2000 to 2011 ECOBEE monitering program. 
‘To pinpoint dhe most plausible range of values 
for w, we sought forthe analytical solutions 
‘hit matched the avenge colony size values ob- 
served daring diferent 30-day periods: (i) the 
intial blooming period (days 0 10 30 on the tem 
poral axis, 11.7% growth), (i) the fll blooming 
Peso (days 10 to 40, 15.0%), andl (i) the late 
Flooming period encompassing the stespest 
population row (days 18 to 48, 18.79). Ans 
Iytial solutions for w were 24,932, 22,880, and 
20,886, respectively, and also retumed a close 
correspondence between observed and theoretical 


2, respectively, 


‘These empirca-based scenarios are mone 
pessimistic than the steady colony state predicted 
by Cresswell and Thompson, However, we agree 
that substantial improvement i needed belore 
‘one could use honey bee colony modeling in its 
current frm foe risk assessment. We initally 
sed modeling asa tool to got estimates of what 
observations made atthe individual level would 
lmply forthe colony as 2 whole, Sound model 
adjustments have been proposed (3), but further 
‘ssues remain o be documented to gain accu. 
Among, others, homing failure should be r= 
evaluated with regard to () doses matching in 
hive exposures of conspecifics and larvae by 
contaminated pollen and honey (6) and (i) acute 
vers chronic expose regimes atthe foragers 
lite scale. The ler aspect, in particular, still an 
uunolved debate, te curently unclear whether 
scute experimental exposures overestimate sub- 
Jethal effets compared with chronic regimes (7) 
Likewise, population modelers should consider 
tying diffrent values ofthe ea-laying rat, which 
appears follow ashap decline afl ilseed ape 
blooming, as well as the post-exposure homing, 
dlstance foraging honey bets ned to cover. Those 


‘hwo paramcters are expected toe largely inthe 
ctl in the procedure. 
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The Social Stakes of Interoperability 


Laura Dot 


ryone with a box full of tangled, 
incompatible device chargers under- 
ands that interoperability is not 


a given. Buying a digital book can ereate 
portability constraints such as restrictions 
‘on Viewing the purchased item on different 
devices, Moving content from one social 
‘media platform to another ean pose an inteac- 
lable problem. An entre generation stores its 
pictures, video, and music inthe cloud on pi 
vate platforms such as Flickr and YouTube. 
‘The history of information technology is 
replete with once-popular companies being 
supplanted by newer platforms, so the obvi 
‘ous question is whether today’s digital cul- 
ture, archives, and libraries will be accessible 
to future generations 

‘The stakes have never been higher for 
interoperability topic taken up by John Pal- 
fiey and Urs Gasser in Interop: The Promise 
‘and Perils of Highly Interconnected Systems. 
‘The ability for systems to interconnect is, 
closely elated to efficiency. Economie argu- 
‘ments suggest that advancements in interop 
cerability increase competition and innova 
Vion, Think of the 19th-century development 
‘of a standard gauge interconnecting railzoads 
across the vast expanse of North America or, 
‘more than a century later, the standariza 
tion that allows us to exchange e-mail across 
different types of applications and hardware 
devices. Not surprisingly, 
‘companies sometimes prefer 
proprietary approaches that 
limit interoperability and 
lock in users for competitive 
advantage, But consumers 
usually want technological 
systems to be able to seam- 
lessly exchange information. 

The authors (special- 
ists in information law) 
presciently use real-world 
‘examples to remind us that 
“this growing level of inter- 
‘connectedness comes at an 
increasingly high price.” A 
Faustian bargain for interop 
cerability ean threaten indi 
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vidual privacy and security, whether com- 
promised by an acquaintance, 

‘corporation, or hacker, Facebook's Beacon 
product (2007-2008), which connected indi- 
vidual accounts to third-party retail sites, was 
fan example of “interoperability 

‘When a Facebook user purchased something 
fon one of these partner websites, a notice 
about the product would be automatically 
‘generated on the member's per 

sonal page (and possibly appear 
in the news feeds of the user’ 
friends). More recently, the 
hacking of Sony's PlayStation 
gaming network potentially 
exposed the personal account 
information of its millions of 
users. Interoperability does 
fot cause these privacy and 
security concerns, but itis an 
enabling Facto, 

‘When interoperability stan- 
dards enter widespread usage, they ean also 
Tock society into less-efficient technologies in 
the same way that proprietary standards ean 
lock users into a single company’s vertical 
line of products. The majority of keyboards, 
even those on tablets and start phones, still 
use the Charles Dickens-era QWERTY lay- 
out originally designed to prevent adjacent 
typewniter keys from mechanically jamming 


Imerop 
The 


‘The golden spike, Paley and Gaser describe the May 2869 joining f the rails of the 
Union Pac and Cental Pacific aliroad at romontry Summit, Uta, 3 "a malar event 
in the history of interoperability.” 


‘Public by AAAS. 


Promise and Pe 
ot Highly Intarconn 


by Jon Paty 
and Urs Gasser 


by dispersing the keys most likely to be typed 
in suecession. Superior alternatives designed 
have not gained 
ervative momen- 
tum of such a socially entrenched standard 
Palfrey and Gasser emphasize finding 
the optimal rather than maximum level of 
interoperability. They also explore how 0 
determine the appropriate balance between 
markets and governments for achieving this 


‘optimal level, States, at @ minimum, create 
‘background rules forhow companies interop 
crate in a variety of contexts (eg., enforcing 
privacy policies in industries such as health 
‘are and finance). The problem then becomes 
‘one of legal interoperability, as companies 
that provide global services 
must navigate the varied 
waters of different countries 
laws, 
‘Achieving the appropriate 
grees oftechnical and legal 
interoperability will be even 
more critical in the Future 


as society moves informa. 
m4 


tion further into borderless 


computing, and eHealth 
Most societies view interoperability as a par- 
til solution tothe enormous costs associated 
with health eare systems in whic the lack 
of standardization prevents the efficient and 
life-saving exchange of patent information 


health care providers, insurance com- 
and medical labs. Jnterop underlines 


ity in this complex area 
of information technology 
and the possibly problem- 
atic implications of greater 
interoperability for indi- 
vidual privacy, health care 
liability, and security. The 
authors develop a interest- 
1 parallel between interop 
erability’s role in solving 
health care problems and 
its dramatic potential for 
improving energy delivery 
efficiency through smar 
id infrastructures in which 


terconnected networks 
sense, measure, and deliv 

emu in response to chang 
ing conditions 

The common thread of 
a need for greater interop- 
crabiity ties together some 
ff the most important pub- 
lic policy issues of our time. 
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Rather than reifying interoperability as a 
social value in itself that should be pursued 
atall costs, we should view itas a mechanism 
for achieving specific social and economic 
objectives in these crucial policy areas. 
Interop will serve asa constructive and moti- 
vating resource for policymakers, citizens, 
and practitioners interested in the outcome 
of emerging, hyperconnected areas such 
as smart-grid energy infrastructures, cloud 
computing, and eHealth systems or in ensu- 

3 our ability to preserve digitally stored eul- 
ture and knowledge for generations to came, 
AAs the authors themselves argue, “We, as 
societies, must take interop seriously as we 
hustle into a future full af increasingly eom- 
plex and interconnected systems” 


ENVIRONMENT 


Nature—Half Lost 
or Half Saved? 


Douglas McCauley 


alforthe worl'srainforesshavebeen 
felled. Wild tiger numbers have been 
reduced by 95%, Climate change and 

‘ocean acidification threaten to make it impos- 
sible for coral refs to persist beyond the year 
2050. Andrew Balmfond says: good news— 
50% of our rainforests remain, there are still 
few tiers roaming about, and 
cou refs haven't dissolved. yet. 
Social revolutions emerge 
‘out of the eacophonie dialee- 
tie of pessimists and optimists 
Pethaps nowhere is this more 
evident than in the writing of 
authors motivating the move- 
‘ment for nature conservation, 
Eco-catasteophist authors are 
conspicuous ad abundasit The 
tiles alone ftom the classics inthis genre are 
enough to make us shiver: Population Bomb, 
The End of Nature, Requiem for Nature (1- 
3), While gloomy, these texts have done the 
important service of publicizing the dice posi- 
tUom we have put our environment in. Such 
reads, however, can leave one slightly more 
inclined to jump off ein the Grand Can- 
yon than to join a campaign to save the endan- 
red condors roosting on those cliffs, AS 
‘counterpoint to the tenor ofthese texts, Balm 


Wild Hope 


‘he vere at the Dearie of Environmental Sa 
ce, Poe, and Maragemest, Ulery of Calf 
Sealey, 250 aller Hal #3114, Bethy, CA 94720, 
Ugh eal mzcalye@berey eds 
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ont Lin 


by Androw Baltord 


ford offers up Hild Hope, a eollection of con- 
servation success stores intended to infuse 
new optimism into the science and practice of 

The case studies Balmford (a conserva- 
tion biologist atthe University of Cambridge) 
‘writes about are as much about people as they 
are about ecosystems. Wild Hope's heroes of 
conservation come in diverse forms, They 
are tanned surfers fighting invasive plants, 
bright-eyed shino guards, and burly foresters 
safeguarding endangered woodpeckers, The 
conservation tools these characters employ 
are as diverse as they are: hybrid poverty 
reliefand native species protection programs, 
ecosystem service payments, 0.315 rifles 
crally political maneuvering, and acral 
aided drops of poison sausages. Conserva- 
tion advances, or at least fails to lose ground, 
through the dedicated service of Bulmford’ 
motley evo-crev 

For the unreachable environmental pes- 
simist, there is yet material sufficient to 
lean perverse critical enjoyment from Hild 
Hope. His “best of” conservation stories 
include a celebration of efforts to clean up 
patches of forest that were clear-cut for stip 
‘mining and the successful conversion of a 
dammed bay ecosystem into grassland habi- 
tat, There are clearly some dregs in Balm- 
ford’ half-full eup. Its contents are also, at 
times, a litle hard to swallow. We commend. 
the cutting down of forests (invasive tees) in 
South Africa and then demonize forest cut- 
ting (native tees) in Beundor—both actions 

that ostensibly protect water 

provisioning, although scien- 
tifie support for such benefits 
is still being amassed. Balim- 
ford, however, generally does 
‘ot Liptoe around these short- 
‘comings and inconsistencies. 
He asks haed questions of his 
heroes and saddles us with 
the frank complexities that 
characterize the practice of 
‘on-the-ground conservation. This aterpt to 
‘maintain balance makes Wild Hope a more 
palatable, instructive, and genuinely inspir- 
ing read than other conservation science 
texts also writen in rose-colored ink, 

‘Although in places the author's enthu- 
siasm to inspire becomes a bit too saccha- 
sine (replete with quotes from Helen Keller 
and Teddy Roosevelt), it is difficult not to be 
reinvigorated with the possibilty that there 
is indeed hope for the survival of important 
remaining pars of our natural world. Primed. 
for action as l approached the end ofthe book, 
Twas left asking only: How do T get started? 
‘And in the last chapter, Balnford lays out 
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Rehabilitated mines. Aer cemoving bauxite at 
its lease in Western Australia, Alcoa goes to great 
lengths to restore the jaa forest. 


seven tenets for achieving success in con- 
servation: be a leader; be patient; be bold; 
do careful and relevant researc: be creative: 
be politically savy; and strive for improv 
‘ment, not perfection All true, yet the banality 
of these suggestions (Which read like a pros 
lytical cross between at Obama speech and 
the Bhagavad Gita) left me abit intellectually 
undernourished. I wanted more depth from 
the opus vitae ofa scholar who has conteib- 
tuted to more than ten articles on the science of 
conservation in Seience alone and countless 
others elsewhe 

Perhaps, however, there is a kind of genius 
in Wild Hope's opacity and simplicity that sets 
it apart from bibliographic congeners in the 
genre of conservation Writing Science plays 
«critically important role in Framing the dae 
logue fr how and where we manage ecosys- 
tems. Bulmford makes this clear. However, 
interspersed between the book's lines one 
finds the suggestion by this erudite scholar 
‘hat nature is ultimately not saved by learned 
Scholarship but by people doing hard yet sim- 
ple things with rifles, greenhouses, and eon- 
scientious grocery lists. Hild Hope provides 
neither an easy nor a hard solution for best 
safeguarding biodiversity. Conservation, we 
learn, succeeds by doing just what works 
Ralmford’s vague, but sincerely impassioned, 
response makes more neurons fire in the 
region ofthe heart than in the head. Nonethe- 
less, perhaps that isjust the muscle needed for 
protecting nature 
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GLOBAL HEALTH 


Global Indicators and Targets 
for Noncommunicable Diseases 


S.Y. Angell” I.Danel, KM. DeCock 


(UN) convened a High Level Meeting 
(HLM) of member states to address a 
largely neglected, global reality: Noneom- 
municable diseases (NCDs)— including 
eart disease, stroke, eanver, diabetes, and 
chronic lung diseases—kill more people 
than other causes, health and non-health 
lated, and the world is ill-prepared to 
respond, This was only the second such UN 
meeting of heads of state focused on a health 
‘been on HIV/AIDS in 
effective and focused 
faction, the growing burden of NCDs threat- 
ens to undermine increasingly interdepen- 
dent development and economic agendas 
(J-3). The 2011 meeting ushered in the 
potential for an orchestrated response, facil 
dated by a mandate that the World Health 
Organization (WHO), in consultation with 
‘member states, develop a global monitoring 
framework with key indicators and targets to 
be achieved by 202: 

‘The task isto be completed by the end of 
2012 (1). Only one global voluntary indica- 
tor with a target has received formal meme 
state endorsement thus fut: reduce the prob- 
ability of premature mortality Front NCDs by 
25% by 2025. Another 10 indicators with tar 
gets, and 9 indicators without targets, are pro- 
posed and under development (2), with the 
‘deadline just months way. 

Although we focus on technieal aspects, 
itis important to note that they are just one 
of the determining factors of the national 
and international processes of NCD indi- 
cator selection and target setting, Through 
smember-state agreement, the WHO process 
is informed by a diversity of stakeholder 
interests, from public to private and civil 
society, as wel as by foreign policy and eco- 
nomics. Sustainable changes in NCD out- 
‘comes will demand a whole-of- government 
‘and multisectoral engagement, and global 
targets have implications for foreign assis= 
tance, All of these factors make the process 
‘of goal setting both political and scientific. 


Ii September 2011, the United Nations 


car fr Gal Hea Cees for Dass Cot and 
Prevention, ant, G430333, USA. 
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‘Technical Criteria and Selection Process 
“The creation of indicators, measurable char 
acteristics that describe an aspect of health, 
fand targets, specific time-bound changes 
indicators expected tobe achieved, isnot new 
tw global health and development (4, In add 
tion to providing an abjective means to assess 
progress and impact, indicators and ta 
gels express a collective commitment 1 2 
Which can spark eoordinated action and the 
mobilization of esourees (4,5). For example, 
2 1958 World Health Assembly (WHA) reso- 
lution to eradicate small pox globally was fl- 
lowed by a ratified plan and budget 10 years 
later, and eradication ofthe disease by 1979. 
‘The UN Millennium Development Goals 
(MDGs), adopted in 2000, are credited for 
increased funding (6) and likely contributed 
to the large observed reductions in under-S 
child mortality (7). 

Reflecting this experience, WHO has 
identified specific criteria to guide global 
NCD indicator and target development (8) 
‘They include that indicators have unam- 
Diguous measurement tools, epidemiologi 
‘and public health relevance, and relate to 
‘established priorities and strategies. Targets 
must be supported by evidence that they are 
achievable, with effective and feasible ev 
dence-based interventions available (2). Pro- 
posed indicators and targets meet these erite- 
ria variably. For example, clearly defined set 
of interventions with demonstrated effective 
ness atthe national level exists in support of 
the Framework Convention on Tobaceo Con 
trol, yet evidence-based nationally scalable 
models to challenge upward trends in global 
‘obesity are yet tobe determined. 

“The technical process of indicator sex 
tion has been guided by a focus on the 
four modifiable risk factors that lay claim 
to the majority of NCD-related morbidity 
and mortality: tobacco use, unhealthy diet, 

and harmful use of aleo- 
of these risk Factors ean be fully 
addressed through work in a single sector. 
For example, diet is influenced by culture 
‘geographic location, income, education, and 
available foods, which in turn are influenced 
by city planning and infrastructure, rans- 
portation, trade, agriculture, and energy, just, 
to name a few 


POLICYFORUM, 


‘Measurable, ambitious, and achievable 
Indicators with targets ae critical, 

but political commitment to achieve 

them isthe main determinant af outcomes 


Determinants of NCDs go well beyond 
the traditional domains of public health, Yet 
the process of indicator and target setting is 
headed by the UN specialized health agency, 
WHO, with technical input largely from 
health experts and member stale consulla- 
tions dominated by ministries of health. It is 
thus no surprise that proposed indicators with 
targets seem to Focus on health measures. Pro- 
posed indieators include tobacco use, raised. 
blood pressure and serum cholesterol, physi- 
cal inactivity, harmful use of aleobol, obesity, 
high salt and fat intake, treatment of those at 
risk for cardiovascular disease, and access 
to medications and technology. Where isthe 
call for government mulsector response and. 
engagement from private industry and civil 
society? Isthis a failure to capitalize upon the 
UN HLM, which transcended boundaries of 
heath by engaging heads of state? 

‘A comprehensive st of global indicators 
and targets specific to the multitude of rle- 
‘ant partis isnot feasible. This would require 
years to negotiate and resources for monitor- 
ing well beyond those that exist. A technical 
solution is to select indicators proximate to 
‘CDs an risk that will capture the aeregate 
of conteibutions from a multitude of sectors, 
Experience from implementing the MDGs 
also favors selection of indicators that cap 
‘ure multiple interventions (6 rather than sin 
aly focused measures. For example, an indi 
calor that measures the prevalence of raised. 
blood pressure, one ofthe leading global con- 
teibutors to death, would reflet the combined. 
‘pact of medical treatment for hypertension, 
as well as initiatives to improve diet (eg, 10 
reduce dietary salt), increase physical activ 
ity, and decrease aleohol intake. These actions 
will require contribution fren the private sec 
‘or, such as the food and beverage industry, 
agriculture, and pharmaceuticals, and from 
multiple government sectors, such as transit, 
snd energy, and others. Bringing these stake- 
holders tothe table will be no easy task and 
is the subject of two related UN HLM man- 
dated processes: an update of the IVHO Action 
Plan on the Global Strategy for the Prevention 
‘and Control of NCDs (9), whichis expected to 
fnclude a road map for implementation ofthe 
commitments fromthe UN HLM, anda report 
on strengthening multisectoral ation. 
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Marrying Measurability, Form, and Function 
[fan indicator does not include a feasible and 
valid mechanism of measurement, analysis 
of resulting data may indicate success where 
there was none of report flu 
achievement, This may support 
ate use of resources and missed opportuni- 
tiesto prevent disease or death. For example, 
although there are some objective measures of 
NCD isk factors, such as direct measurement 
of weight or analysis of 24-hour urine col- 
lection for sll intake, measurement of many 
bbeavioral isk Factors will depend on surveys 
Where respondents sel-report their actions. 
‘These data may be less reliable, a responses 
ae influenced by culture, environment (such 
as rural versus urban), ethnicity, race, and 

der, among other variables, The adopted 
indicator for mortality relies on vital registra 
tion systems, which only exis at the level of 
completeness needed to determine all-cause 
death in about two-thirds ofthe world’ coun- 
tries (2) and eannot be reliably disaggregated 
tw estimate specific eause of death in most. Ta 
increase reliability, the global mortality ind- 
ator and target were eeated as an aggregate, 
capturing all major causes of NCD mestaity, 
rather than a separate target foreach individe 
ual cause of NCD death 

Data limitations are expected, as data col- 
lection and reporting, especially in the set- 
ting of nascent surveillance systems, require 
resource investment. For these reasons, care- 


{ul consideration of the capacity ofthe tool 
to measure the variable of interest consis- 
tently across populations, within countries, as 
well as between counties overtime, should 
be central. Additional resource invest 
will be needed for surveillance and vital rey 
istration systems capturing risk and cause- 
specific morbidity and mortality 

For many NCD risk factors, such as blood 
pressure and serum cholesterol, risk varies 
over a continuum. Within a normal range, 
lower is generally better, but no specific 
level indicates “no risk,” Rather than focus- 
ing on just those a the high end of the dists- 
bution, interventions that shift the mean risk 
of an entire population may result in greater 
reduetions in events. Indeed, a large propor- 
tio of heart attacks and strokes occur in 
people without “raised blood pressure,” that 
is blood pressure below 140/90 munHlg, the 
level at which hypertension is define 
most. Yet, for many conditions, interven- 
tioas targeting populations and high-risk 
individuals are conducted concomitantly 
(U0), How should the spectrum of interven- 
tions fora specific condition and the contin- 
‘uum of population risk influence the design 
of indicator development? When a cond 
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tion is common globally—for example, 
raised blood pressure, which affects 40% 
fof the world’s adults—the discussion may 
bbe largely academic. The impact of int 
ventions targeting populations and high- 
risk individuals will both be captured by an 
indicator defined by mean population blood. 
pressure or by percentage of the population 
‘with blood pressure below 140/90 mime. 

Tn this case, akey function oF indicators 
to communicate information om the status 
‘of a health condition tothe broader commu 
nily—should guide the decision. Our expe- 
rience suggests that, compared with a mean 
‘eduetion in population rsk, an indicator that 
reports the percent of people at risk is more 
easily understood by the lay community and 
policy- and opinion-makers and should be 
used as the form of indicator 

‘The better we are at preventing death 
from communicable diseases, the mot 
likely we are to die from NCDs. The oppor 
tunity isnot to eliminate NCDs, but rather 
to limit early disease by reducing modifi- 
able risk factors. To translate this goal into 
an indieator and target, the population mea 
sured should be limited to those whose risk 
fan be modified. For example, the approved 
‘mortality target for NCDs is a measure of 
premature mortality: reduce the probabil 
ity of death inthe population ages 30 to 70 
years by 25% by 2025 (2), 


The Technical Process 
‘Scientific consensus takes time to be achieved 
and is uncommon in new and evolving area, 
such as NCDs. Tobacco use may be the best 
‘example of global seientitie consensus with 
respectto risk and evidence foraetion, and this, 
took decades to achieve. The technical process 
of developing indicators and tagets provides 
‘a means to make recommendations based on. 


the best evidence, but it cannot bea forum to 
reconcile all relied scientific debates. Fur- 
ther, the direction of the technical process is 


‘Publi by ANAS. 


Port-au-Prince, Halt, January 2010. A nurse takes 2 woman's 
blood pressure ata makeshift camp soon after the earthquake. 
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ultimately defined by member- 
state decisions, as part of the 
political process. For example, at 
the WHA in May 2012, indicators 
anid targets that would require fur- 
ther development by WHO were 
specified by member-state ag 

ment. The recent set of proposed 
indicators and voluntary targets, 
including those for obesity, fat 
intake, harmful use of alcool, 
serum cholesterol, and the aa 
ability of essential medicines 
for NCDs, reflect this demand, 
Regional WHO meetings will 
discuss the proposed indicators 
and targets. WHO will hold final member 
state consultation in November 2012, before 


final revision. 

Although ultimately this process should 
strive to produce indicators and targets of 
scientific excellence, as Voltaire wrote, “the 
bestis the enemy of good." The best technical 
set of measurable, ambitious, and achievable 
indicators with targets isthe ideal, bt in the 
end, it is not the indicators or targets, rather 
the political commitment to achieve them, 
that is the main determinant of outcomes 
Final endorsement by member-states, and 

ventions to prevent and control NCDs, 
the real prize 
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ECOLOGY 


A Measurable Planetary Boundary 


for the Biosphere 


Steven W. Running 


Jjrty years ago, Meadows et al. pub- 
lished a landmark first analysis of 


obal limits to human activity (1) 


Based on a primitive computer model af the 
Earth system, they concluded that by the 
carly decades of the 2st century, tan 
limits to key global resources would be 
emerge. A reanalysis of the original results in 
2008 found thatthe original global resource 
‘depletion projections were remarkably accu- 
rate (2). Sinee then, Rockstrim eral. (3) have 
planetary boundaries 
to describe nine variables of high importance 


defined a new ter 


to habitability of Earth, including climate 
change, ocean acidification, land-use change, 
and biodiversity loss. These metsies are 
‘compelling conceptually, but many are not 
casily measured globally: explicitly defining 
‘critical boundary iseven more challenging. 
T suggest a new planetary boundary, terres 
‘sil net primary (plant) production (NPP), 
that may be as compelling conceptually, inte 
grates many of the currently defined vari- 
ables, and is supported by aa existing 
dataset for defining boundaries 
‘Terrestrial plant production isthe foun- 
dation ofthe biospheric carbon cycle. Using 
solar energy, water and atmospheric CO, are 
transformed into plant carbohydrate matter 
This plant matter then sustains the global 
food web and becames the source of food, 


fiber, and fuel for humanity. NPP integrates 
aspects of five ofthe currently defined plan- 
tary boundaries: land-use change, freshwa- 
ter use, biodiversity oss, and global nitrogen 
and phosphorus eyeles. It is also influenced 
directly by two others, climate change and 
‘chemical pollution 

Tn 1986, Vitousek et al., synthesizing 
many ground-based data sets, estimated 
that humans were consuming or directly 
co-opting 40% of biospherie production 
(4; they later postulated that humanity 
may one day consume all available NPP 


G3). Newer estimates that use satellite data 
bout somewhat different assumptions agree 
that humans now co-opt roughly one-thied 
of terrestrial NPP (6). Global NPP is now 


‘numeral Teadjeamie Simulation Group. Univers of 
Mtn, sal 2, USA, Ema sr 


derived from satellite measures of ve 
tated cover and density, combined with 
daily weuther observations to analyze light, 
temperature, and water constraints to plant 


growth, In to recent papers, we presented 
the patterns and tends of global NPP. fist 
from 1982 to 1999, where a stall increase 
was observed (7), followed by an analy- 
sis with a new satellite from 2000 to 2010, 
Where a small decrease was observed (8) 
However, looking at the complete dataset, 
the most striking observation is that for 
more than 30 years, global NPP has stayed 
near $3.6 Pg per year, with only ~I Pg of 
interannual variability. Thus, this key factor 
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Terrestrial net peimary (plant) production 
provides a measurable boundary for human 
consumption of Earth's biological resouees. 


{in the global carhon cycle seems to vary Tess 
than 2% annually. 

This remarkable consistency of global 
NPP may be due to equally small global 
variability of the key drivers, The key global 
input of energy that drives photosynthesis, 
solar radiation, varies by less than 0.001% 
fiom year to year. Total global precipitation 
is thought to vary by only around 0.05 men 
day, or 2% each year. Thus, although there 
4s huge regional variability within the Earth 
system—For example, due to droughts, 
floods, and heat and cold waves—the final 
planetary totals of energy and mass flows 
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that may already have exceeded their planetary boundary. 


However, many af these metrics arena easy to measure glabally. Net primary production (NPP) integrates, 
feof these boundaries and may be mare easly measurable on 2 global scale. Consideration of current and 


ue patterns and the projected sein the human popu 
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If global NPP is fixed by planetary eon- 
strains, then no substantial increase in plant 
growth may be possible. Hence, the obvi- 
‘ous policy question must be whether the bio- 
sphere can support the 40% inerease in global 
population projected for 2080 and beyond 
“To determine if humanity can co-opt a 
higher faction of global NPP the previously 
defined planetary boundaries become rele 
vant, starting with land use, According to the 
most recent estimates from global satellite 
data sets, humans currently appropriate 38% 
of global NPP, which would appear to eave 
62%, or about 33 Pg, available for future con 
sumption (see the figure) (9). However, the 
authors also estimate that $3% of global NPP 
is not harvestable, This nonharvestable part 
includes plant growth in root systems, pre- 
served land (for example, in national parks 
that are critical for ecosystem services and 
biodiversity), and wilderness areas where no 
transportation exists for harvesting. If one 
sublracts this unavailable NPR, only about $ 
Pg, oF 10% of total global NPP, theoretically 
remains for additional future use by hurmaas. 
Agriculture now consumes 38% of the 
global land surface, with major new expan- 
Sion only available in underdeveloped parts 
of South: America and Africa (1). Land putin 
toagriculture often has lover production than 
the natural ecosystem replaced, but growth is 
concentrated in the components that humans 
value. Crop production exceeds the natural 


ecosystem when augmented with irrigation 
and fertilizer applications. Cropland under 
irrigation has roughly doubled in the last 
50 years, and fertilizer use has increased by 
500% (10). 

May analyses now conclude that fresh 
‘water use for irigation has already reached a 
planetary boundary. As some rivers are eom- 
pletely drained for agriculture and ground 
‘water withdrawal limits are eached in some 
regions, irigated erop area could decrease 
in coming decades (11). Likewise, Rock- 
stsim ef al. (3) concluded thatthe nitrogen 
‘and phosphorus cycles may have already 
exceeded planetary boundaries, as evidenced 
bby massive river pollution and ocean anaero- 
bic dead zones. I anything, future increases 
inNNPP must be achieved with less, not more, 
invigation and fertilizer se, 

Possibly the biggest unknown in this 
‘lob analysis is the future of bioenergy. If 
every chloroplast of the remaining 5 Pg of 
NPP were used for bioenergy, only 40% of 
ceurreat global primary energy consumption, 
‘would be satisfied (9) There will be very eal 
policy dilemmas ifland previously allocated 
to food production is transformed to bioen- 
ergy production, raising food prices for the 
people who can least afford it (22). 

‘Any analysis oF global biospherie lim 
its includes many assumptions and consid 
rable uncertainties. Yet, global monitoring 
will document every parcel of land that is 
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converted from a natural evosystem to cities, 
agriculture, or bioenergy. Every such conver 
sion inereases the fraction of NPP consumed 
by humanity. The question is thus not whether 
humans will reach the global NPP boundary 
but when we will do so. The projected 40% 
increase in human population by 2050 CE, 
combined with goals to substantially improve 
standards of living forthe poorest 5 billion 
people on Earth, implies at least a doubling 
of future resource demand by 2050. As su 

gested 40 years ago (1), the limits to growth 
as measured by human consumption of NPP 
‘may well be reached inthe next few decades. 
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Nanometer-Scale Printing 


John A. Rogers 


ogress in nanotechnology relies on the 
bility to fabricate structures with pre- 


cisely defined, nanoscale dimensions. 
Historically this tsk has been accomplished 
With energetic beams of electrons, ions, or 
Photons, using sophisticated tools whose or- 
gins lie in the semiconductor industry (/). 

‘Although well suited for manufacturing of 
integrated circuits and related devices, such 
techniques are often not the best choices for 
exploratory research because they require 
expensive equipment and specialized facili 
ties, They also tend to work well only with 
narrow classes of materials, and they can be 
prohibitively slow for use over large areas 
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On page 1517 of this issue, Lino etal. (2) 
introduce a scheme that bypasses these 
limitations, in whieh rubber stamps affect 
nanoscale pattern transfer via molecular- 
scale fracture. Their technique represents & 
conceptual advance on a class of “soft litho- 
graphic” methods in which elastomers with 
fine Features of relief on their surfaces deliver 
molecules (3, 4) oF materials (5, 6) onto sub- 
strates of interest, in a process of contact 
printing. By providing advanced nanofabri- 
Ccation capabilities to researchers with lim 
ited access to complex apparatus, these sim 
file methods have played a central role in the 
emergence of nanotechnology as a broad, 
vibrant field of study. 

‘The work of Liao et al. is important in 
this context because it enhances the resolu 
tion of one ofthe most widely used sof litho- 
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‘Amethod using rubber stamps and 
‘molecula-scale fracture can produce patterns 
with feature sizes inthe nanometer range 


‘graphic techniques, in which stamps made of 
poly(dlimethylsloxane) (PDMS) print mol- 
ecules onto substrate surfaces with which 
they covalently react to form densely packed, 
monolayer films, eferred to as sell-assem- 
bled monolayers (SAMs) (2). This process, 
even when carried out by hand in an ordinary 
laboratory environment, can yield patterns 
of SAMs with Features as small as a fraction 
of a micrometer, Two aspects, however, frus- 
trate operation in regimes of resolution that 
are relevant to the frontiers of modera nano- 
technology (7-9). First, the molecules that 
form the SAMs diffuse slightly along the sur 
face during and after printing, thereby blur- 
ring the edges ofthe patterns. Second, gas- 
phase transport can carry molecules from the 
recessed, noncontacting regions of the stamp 
to the substeate, yielding partial monolayers 
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If global NPP is fixed by planetary eon- 
strains, then no substantial increase in plant 
growth may be possible. Hence, the obvi- 
‘ous policy question must be whether the bio- 
sphere can support the 40% inerease in global 
population projected for 2080 and beyond 
“To determine if humanity can co-opt a 
higher faction of global NPP the previously 
defined planetary boundaries become rele 
vant, starting with land use, According to the 
most recent estimates from global satellite 
data sets, humans currently appropriate 38% 
of global NPP, which would appear to eave 
62%, or about 33 Pg, available for future con 
sumption (see the figure) (9). However, the 
authors also estimate that $3% of global NPP 
is not harvestable, This nonharvestable part 
includes plant growth in root systems, pre- 
served land (for example, in national parks 
that are critical for ecosystem services and 
biodiversity), and wilderness areas where no 
transportation exists for harvesting. If one 
sublracts this unavailable NPR, only about $ 
Pg, oF 10% of total global NPP, theoretically 
remains for additional future use by hurmaas. 
Agriculture now consumes 38% of the 
global land surface, with major new expan- 
Sion only available in underdeveloped parts 
of South: America and Africa (1). Land putin 
toagriculture often has lover production than 
the natural ecosystem replaced, but growth is 
concentrated in the components that humans 
value. Crop production exceeds the natural 


ecosystem when augmented with irrigation 
and fertilizer applications. Cropland under 
irrigation has roughly doubled in the last 
50 years, and fertilizer use has increased by 
500% (10). 

May analyses now conclude that fresh 
‘water use for irigation has already reached a 
planetary boundary. As some rivers are eom- 
pletely drained for agriculture and ground 
‘water withdrawal limits are eached in some 
regions, irigated erop area could decrease 
in coming decades (11). Likewise, Rock- 
stsim ef al. (3) concluded thatthe nitrogen 
‘and phosphorus cycles may have already 
exceeded planetary boundaries, as evidenced 
bby massive river pollution and ocean anaero- 
bic dead zones. I anything, future increases 
inNNPP must be achieved with less, not more, 
invigation and fertilizer se, 

Possibly the biggest unknown in this 
‘lob analysis is the future of bioenergy. If 
every chloroplast of the remaining 5 Pg of 
NPP were used for bioenergy, only 40% of 
ceurreat global primary energy consumption, 
‘would be satisfied (9) There will be very eal 
policy dilemmas ifland previously allocated 
to food production is transformed to bioen- 
ergy production, raising food prices for the 
people who can least afford it (22). 

‘Any analysis oF global biospherie lim 
its includes many assumptions and consid 
rable uncertainties. Yet, global monitoring 
will document every parcel of land that is 
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converted from a natural evosystem to cities, 
agriculture, or bioenergy. Every such conver 
sion inereases the fraction of NPP consumed 
by humanity. The question is thus not whether 
humans will reach the global NPP boundary 
but when we will do so. The projected 40% 
increase in human population by 2050 CE, 
combined with goals to substantially improve 
standards of living forthe poorest 5 billion 
people on Earth, implies at least a doubling 
of future resource demand by 2050. As su 

gested 40 years ago (1), the limits to growth 
as measured by human consumption of NPP 
‘may well be reached inthe next few decades. 
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ogress in nanotechnology relies on the 
bility to fabricate structures with pre- 


cisely defined, nanoscale dimensions. 
Historically this tsk has been accomplished 
With energetic beams of electrons, ions, or 
Photons, using sophisticated tools whose or- 
gins lie in the semiconductor industry (/). 

‘Although well suited for manufacturing of 
integrated circuits and related devices, such 
techniques are often not the best choices for 
exploratory research because they require 
expensive equipment and specialized facili 
ties, They also tend to work well only with 
narrow classes of materials, and they can be 
prohibitively slow for use over large areas 
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On page 1517 of this issue, Lino etal. (2) 
introduce a scheme that bypasses these 
limitations, in whieh rubber stamps affect 
nanoscale pattern transfer via molecular- 
scale fracture. Their technique represents & 
conceptual advance on a class of “soft litho- 
graphic” methods in which elastomers with 
fine Features of relief on their surfaces deliver 
molecules (3, 4) oF materials (5, 6) onto sub- 
strates of interest, in a process of contact 
printing. By providing advanced nanofabri- 
Ccation capabilities to researchers with lim 
ited access to complex apparatus, these sim 
file methods have played a central role in the 
emergence of nanotechnology as a broad, 
vibrant field of study. 

‘The work of Liao et al. is important in 
this context because it enhances the resolu 
tion of one ofthe most widely used sof litho- 
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‘Amethod using rubber stamps and 
‘molecula-scale fracture can produce patterns 
with feature sizes inthe nanometer range 


‘graphic techniques, in which stamps made of 
poly(dlimethylsloxane) (PDMS) print mol- 
ecules onto substrate surfaces with which 
they covalently react to form densely packed, 
monolayer films, eferred to as sell-assem- 
bled monolayers (SAMs) (2). This process, 
even when carried out by hand in an ordinary 
laboratory environment, can yield patterns 
of SAMs with Features as small as a fraction 
of a micrometer, Two aspects, however, frus- 
trate operation in regimes of resolution that 
are relevant to the frontiers of modera nano- 
technology (7-9). First, the molecules that 
form the SAMs diffuse slightly along the sur 
face during and after printing, thereby blur- 
ring the edges ofthe patterns. Second, gas- 
phase transport can carry molecules from the 
recessed, noncontacting regions of the stamp 
to the substeate, yielding partial monolayers 
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Stik itand ip itn anew, high-resolution method for nanotbrication, Liao etal. show that rubber stamps 
(top blue) with sony groups (green onthe surtaces rae covalently wth hyo terminated (re) sll 
‘tterbled manolayers (SA) on gold Voto: gold at points of physical cantac. Peeling the stm aay 
‘nates fracture near the surface ayer ofthe gol, yeliing SAM with precisely pattered geametis. 


in the unprinted areas. Past atlermps to mini 
mize these effects achieved some limited suc- 
cess through the use of molecular inks with 
large molecular weights (9). Liao etal take 
1 completely different approach, with even 
better resuls. Instead of using stamps to print 
molecules onto bare surfaces in the usual 
‘way, they exploit chemically functionalized 
stamps to remove molecules fom preformed, 
lunpatterned SAMS. Here, upon physical con- 
tact, covalent bonds form between the stamp 
and eactive groups exposed on the surface of 
the SAM. Peeling the stamp away “mechan- 
‘ally desorbs” molecules from the SAM in 
regions defined by contact with the stamp. 
‘SAMs patterned in this way ean then serve 
‘as molecular templates for etching the un 
lying substrate or for guiding the deposition 
of other materials (2-4). The most impor- 
tant practical aspect ofthis eclnigue, termed. 
chemical lift-off lithography, is that its resolu 
tion in patterning SAMs exceeds that of pre 
vious sof lithographic techniques. 

Optimized surface chemistries are eriti- 
cal ta the successful operation ofthe process, 
Liao etal. find that Si-OH groups on PDMS. 
and bydroxyl-terminated SAMS on gold rap- 
idly and covalently react o form strong Si-O- 
SAM linkages that remain intact asthe stamp 

ere, mechanical fracture occurs 

‘within a near-surface region ofthe gold, such 
that both the SAM and, roughly, a monolayer 
‘of gold atoms peel off ofthe substrate (see 
the figure). These steps of contact-induced. 
chemistry Followed by nanoscale facture ean 
‘occur in minutes, over areas limited only by 
the sizes ofthe stamp and substrate, and with 

iciencies of SAM removal that approach 
~80%, Furthermore the edges ofthe patterns 
can be extremely sharp and well defined, with 
roughness atthe level of only’ few nanome- 
fers. As a result, patterns with dimensions in 
the nanometer regime are possible. Liao eta 
demonstrate 40-nm features, apparently lim- 
ited only by the sizes ofthe rele features on 
the stamps. 


‘The capabilities demonstrated by Liao et 
al, especially with such an extremely sim- 
ple printing method, offer powerful modes 
‘of use in esearch, particularly when overlay 
registration is not required, Further devel- 
‘opment of the technique to eliminate such 
‘constraints will require engineering innova 
tion, Fundamental extension of the resolution 


will demand improved understanding of the 
underlying mechanisms and, in particular, the 
relative roles of the molecular chemistry of 
the SAMS, the materials science of the sub- 
strate and stamp, and the physics of nanoscale 
Tracture, Sueh topies represent appealing 
‘opportunities for interdiseiplinry work, with 
srong potential for impact in nanoscience 
and nanotechnology alike 
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Versatility from Protein Disorder 


(M. Madan Babu’, Richard W. Kriwac 


* Rohit V. Pappu 


‘Synergy between disordered regions and structured domains increases the functional versatility 


‘of protein and their interaction networks. 


any protein functions ean be atid 
uted to segments (domains) that 
fold independently and adopt spe- 


Gifethree-dimensional structures (1), Intrin 
‘ically disordered regions (2, 3) are unstruc~ 
tured segments whose amino acid compo- 
sitions prevent autonomous folding. Some 
‘eukaryotic proteins are either Fully disordered 
(Gntsinsicaly disordered proteins) or struc 
‘ured, but most have both types of regions 
(ee the figure). The notion that disordered 
regions are largely passive is being actively 
challenged by the idea that they perform, 
diverse functions, and that synergy between 
structured and disordered regions expands 
the functional repertoires of proteins. 
Understanding how disordered regions 
mediate function requites accurate physical 
descriptors of sequence-disorder relation 


"Re Labora of Nolecdlar Bogy, He Road, Ca 
tnd C82 00H, Uk Deparient af Structural Bly 
Sue Chen's Reseach Hosp Memhis, 138105 
Usk. ‘Department of Blamed Engineering, Wacington 
Unrsty oft Lous, St Lous, WO 63130, USA mall 
‘madanmmvcintsamacak rdArnaci@shu 
‘ig foopusust eda 


ships, Recent studies based on a combination, 
of polymer theory, computer simulations, 
and biophysical experiments have revealed. 
some coarse-grain conformational properties 
of disordered regions. Sequences enriched 
fn polar amino acids and deficient in hydro- 
phobic residues form compact, globular con- 
ormations (4, 5)-As the net charge per resi- 
due within disordered regions increases, they 
undergo continuous transitions to loosely 
packed ellipsoidal random coils (6, 7). 

“The growing list of features attributed to 
Uisordered regions suggests that they act as 
molecular rheostas to support a continuum of 
conformational states and transitions. These 
Features enable disordered regions to medi 
ate highly specific interactions with multi- 
ple binding partners (2, 3). Conformational 
Auctuations of these regions can control the 
exposure of short Linear motifs (8) that ints 
act with protein domains, thereby regulating 
protein interactions. Postranslational modifi- 
cations within or near these linear motifs may 
modulate conformation and affinities, thus 
increasing the Functional eapabilities of dis 
ordered regions. Examples include the tals 
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Determinants of protein function. Structured damsins and disordered regions are fundamental unit of 
protein funtion. Most prateins in eukaryotic prteomas contain bath types of regions. The bar thickness 


of histone proteins, several receptor kinases, 
and proteins that control the cell division 
cycle (2, 3, 9). disordered region can also 
display multiple motifs, wiving rise to mul- 
tivalent interactions that drive the formation 
of micrometer-sized assemblies as recently 
reported for actin regulatory proteins (10). 
‘These assemblies may afford higher-order 
spatial organization and increase the local 
concentrations of proteins, and thereby regu- 
late diverse cellular processes. Further, it was. 
recently observed that the number and den- 
sity of linear mous within disordered regions. 
can be regulated posttranseriptionally by 
alternative splicing of messenger RNA. Tis- 
sue-specifi splicing evens appear to alter the 
Aisordered regions that harbor binding mails 
While leaving the structured regions intact 
(11). This ean lead to rewiring of molecular 
interaction networks and new functional con- 
sequences. For example, a nearby structured 
region, such as kinase domain, may become 
capable of acting on (phosphorylating) diffe 
ent proteins (new substrates) that bind to the 
spliced, disordered segment containing the 
linear motif. Given the critical roles mediated 
by such regions, the abundance of proteins 
ith disordered regions is highly regulated to 
prevent nonfunctional promiscuous interte- 
tions that ean cause disease (J2) 
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Upon binding to an interaction partner, 
isordered regions can ether undergo disor 
der-to-order transitions o preserve their dis 
‘ordered state by forming “Tuzzy complexes’ 
(3, 14), Specific regions within structured 
domains (or folded regions of a bound dis- 
‘ordered region) undergo regulated unfolding, 
This form of erypic disorder (/5) isan exam- 
pie of emergent behavior as it can generate 
now disordered states by coupling a binding 
event or postiranslational modification of 
structured domains tan orderisorder ran 
sition, Although curtent computational meth- 
ods can readily identify disordered regions, 
uncovering regions of cryptic disorder 
encoded within structured domains remains 
a challenge. In addition, disordered regions 
also have regulatory roles that include an abil- 
ty to induce local unfolding within adjacent 
structured domains and facilitate allosteric 
communication between structured domains. 

How do disordered regions evolve? 
Because they do not require a defined struc- 
ture for their function, disordered regions may 
‘be more tolerant of mutations than structured 
domains. This might confer an advantage ifa 
new motif emerges through convergent evo- 
lution. Although evolutionarily conserved 
‘motifs can be identified through sequence 
analysis the discovery of new motifs that are 
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not conserved but are still funetional reps 
sents a challenge forthe future. I sequences 
of disordered regions change rapidly, do such 
rutations increase the risk of disease? Anal- 
ysis of diverse eancer-associated mutations 
Shows a dominant clustering within struc- 
tured regions of proteins, suggesting that dis- 
ordered regions provide robustness to raula- 
tiow-induced effects on phenotype (16). Con- 
tinued studies of sequence variations in nor 
smal and diseased cells are necessary to fully 
understand the contributions of disordered 
regions to fitness and disease, 

Although in vitro experiments and molec 
ular simulations provide important insights, 
disordered regions need to be studied in bio 
logically relevant contents to understand how 
complex functions emerge through the sya- 
ergy between structured domains and disor 
dered regions. Controlling protein function 
‘by modulating the degree of disorder through 
sequence design should reveal how natural 
variations in disordered regions affect the 
emergence of new phenotypes. These chal- 
lenging issues are inspiring the develop- 
‘ment of new interdisciplinary approaches, 
from studies of single molecules and protein 
ensembles in cells, o deciphering the beha 

of disordered proteins within entire bio 
logical systems. Complementing computa- 
tional approaches, functional studies, and 
systems-level analyses of disorder with bio- 
physical investigations will yield important 
insights regarding sequence-disorder-fune- 
tio relationships. 
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‘Swell results. (A) Schematic structures of amphiphilic bent shaped 
moeculs wth benzene (1) and pyedin (2) cares syatheszed by 
Huang etal the chiral dendran unt at thelr apex i omited for 
laity (B) Stheratic representations ae shown af the expanded 
and contracted states ofa helically chiral nanotube ford by sl 
assembly of 2. Note the change in ely. Blue moieties are water 
‘clusters, possibly formed bya hydragen bonding interaction ofthe 
pyridyl group with water, and ae supposed to generate and lock 


the expanded state 


a water-soluble oligoether dendron. In water, 
‘anoncovalent macroeyele containing six mol- 
tecules of 1 forms and then stacks into a tubu- 
Jrstructure with a hydrophobic interior and a 
hydrophilic exterior bearing regular branched 
polymer units called dendrons, The macracy= 
clic component of the nanotube forts non 
‘covalently through weak interactions and can 
change its diameter without morphological 
lisruption by simply sliding the stacked aro- 
‘matic segments with one another. 

‘The authors noted that the aromatie seg- 
‘ments of 1 seem to stack regularly in water, as, 


Pyridine 


‘The nanotube formed from stacked macroryclic 
units undergoes thermally induced swelling 
and unswelling and mimics the action 

of a pump, 


‘matic molecules with a face-to- 
face arrangement), They reco 
nized that they needed a way to 
slide the aromatic seem 
texpand the nanotube and lock 
the resulting expanded state in 
place. They replaced the cen- 
tral henzene core with pyridine 
(@), because pyridine is known 
to form a water cluster through 
a hydrogen-bonding inte 
tion (see the figure, panel A) 
(6). They envisioned that such 
a water cluster, if formed within 
the nanotube, might lock its 
expanded state. Upon heating, 
its thermal breakdown would 
alloy sliding motion of the ato 
matic segments and cause the 
nanotube to shrink, 

‘This smal alteration in the 
‘molecular structure did indeed 
bestow the desired thermal 
response on the nanotube, Upon 
heating to 60°C, the nanotube 
‘changes its inner and outer dia 
ters from 4 and 11 nm, resp 
tively, to 3 and 7 am, thereby 
furnishing a 47% reduction in 
its cross-sectional area (see the 
figure, panel B). The entire pro- 
cess of pulsation is lly revers- 
ile, The authors also found that 
coassembly of 2 and a fullre 
such as Cy formed a peapod 
type of nanotube containing Cy» 
in its hydrophobic interior (8) 
‘Upon heating, the shrinking nanotube pushed 
‘out some ofits fullerene guests 

“The nanotube from 2 is optically active 
because of a helical superstructure with a 
preferred handedness imparted by the eb 
ral dendron unit. Namely, depending on t 
absolute stereochemistry of the dendron 
unit, the hexameric macrocyele of 2 stacks 
up either in a clockwise or counterclockwise 
manner to form a one-handed belicl chiral 
y in the resulting nanotube. Surprisingly, 
the helical sense of the nanotube switches 
from one to the other inthe pulsation event 
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Huang et al, successfully visualized this 
helical inversion by atomic force micros- 
copy. Henee, not only a small aromatic slid- 
jing motion within the constituent macrocy- 
cles but also reorganization of the stacking 
architecture of the macraeyeles aecoms- 
nies the pulsation, Such a large structural 
reorganization is most likely caused by 
Udchydration of the water-soluble dendron 
unit upon heating (7). 

‘The work highlighted herein is indeed 


stunning and seminal, In contrast with prec 
edent “pulsating vesicles” one-dimensional 
hollow structures, if capable of pulsating, 
could generate an anisotropic mechanical 
force (low of fuids), which may transport 
‘cargoes unidireetionally, Thermal energy is 
‘isotropic and dissipative. Upon further elab- 
‘ration, thermo-responsive “pulsating nano 
tubes,” just like eylinders in engines, may be 
able to coavert thermal energy ito an aniso- 
tropic motion, 
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CANCER 


Emerging Anatomy of the BAP1 
Tumor Suppressor System 


Harper 


he wenctic drivers of eancer are incred- 
I ily complex; they include frequent 
‘mutations in a small number of tumor 
‘suppressors and oncogenes, as well asa large 
landscape of rare genetie variants that may 
promote tumorigenesis in a Hineage-depen- 
dent manner. A recent furry of papers bas 
demonstrated prevalent somatic and germ 
Tine mutations in a novel tumor suppressor, 
the deubiquitinating enzyme BAPI, ina vari 
ety of tumor types, including some with met- 
static potential (7-5). Through analysis of 
mice lacking BAPI and human tumors, Dey 
etal, ow identify BAP as a tumor suppres 
sor in myelodysplastic syndrome (MDS), 
‘a bone marrow and blood cell eancer sya 
rome that often evolves into highly aggres- 
sive acute myelogenous leukemia (AML), a5, 
reported on page 1541 ofthis issue (6). Fune~ 
tional analysis of the BAP! protein interac 
tion network in vivo, together with target 
‘gene identification, revealed a transcription 
ccomples in whieh ubiguitin removal from 
regulatory components by BAPI likely spec 
ifes the repertoire of genes underlying tumor 
suppression. 

BAPI was discovered more than a decade 
ago as a protein that can associate with the 
tumor suppressor BRCAI (7). BAPI over- 
expression was shown to suppress tumor cell 
expansion in mouse xenografls, consistent 
witha tumor suppressor role, but surprisingly 
this effect did not require BRCAL (8). The 
identification of BAPI as a bona fide tumor 
suppressor came through exome sequenc 
ing of sporadie tumors and genetic analysis 
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of Familial eancer predisposition syndromes 
(2-5), Deletions and/or point mutations inthe 
BAPI gene are present in melanoma, meso- 
thelioma, lung adenocarcinoma, meningi- 
‘oma, and renal cll eacinoma.Insome cases, 
1 high percentage of patients carry BAP 
‘mutations; for example, ~80% of metastasiz- 
ing uveal melanomas have sporadie or germ 
line BAP mutations (1, 

‘Dey et a. found that whereas deletion of 
‘BAPI during embryogenesis is lethal, BAP 


‘ene specie activator complex 


Tumor spression 


‘Modes of tumor suppression. Interaction of BAPL 
[ASKLL with HCFCI-FORKL allows deubiquitination 
and thereby stabilization of OG, HCFCI, and poten 
tally other unknown tages (not shown), allowing 
‘0-GkeNAc mofcation of HCFCL by OGT to regulate 
transcription The 2APL-ASNLL HCFCI-OGT complex 
localizes on many gene pramoters, possibly through 
factrs such as FOX, and can ky function as 
sithera genespectc activator or repressor complex 
‘on distinct genes ta control tumor suppression in 
certain cll ineages, 
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Analysis of the tumor suppressor BAPL reveals 
‘how its associated transcriptional complex may 
suppress tuts of different lineages 


loss in the adult mouse hematopoietic ls 
ceage leads to a myeloproliferative/myelo- 
dysplastic disorder with Features of human 
chronic myelomonocytic leukemia (CMML), 
Phenotypes inelude elevated levels of blood 
cell precursors (myeloid cells) in the sp 
abnormal progenitor red blood eels (yelo- 
dysplasia), and low platelet count, CMML- 
like disease is due to BAPI loss specifically 
in the hematopoietic compartment, as dem- 
‘onstrated by bone marrow transplantation 
‘experiments, Consistent witha role in MDS 
in humans, Dey et a. identified a heterozy- 
‘gous nonsense mutation in the hydrolase 
domain of BAPI in 1 of 32 tumors from de 
novo MDS patients. Interestingly, mild but 
progressive hematological defects mirroring 
those found in MDS patients were also seen 
in hematopoietic linea 

esting that BAP may be a haploinsufficient 
Tumor suppressor in some contexts, 

Protein ubiquitination isa reversible post- 
translational modification regulating many 
cellular processes, BAPI suppresses tumoei- 
enesis through its deubiquitinase activity 
(-5,8),butin what contextsand through what 
‘mechanisms does BAP! act? Initial insights 
‘came from analysis of BAPL-associated pro- 
teins in issue culture cells, wherein BAPI was 
found to associate with an array of proteins 
‘elated to chromatin and transeription, albeit 
not BRCAL (9-12), Although the structural 
architecture and stoichiometry of BAPI com 
plexes have not been elucidated, the simplest, 
model (see the figure) is one in which BAPL 
forms a modular coraplex with (i) the HCFC 
‘wanscriptional scaffolding subunit (host cell, 
factor-I, also called HCF-1) previously linked 
‘tw transcriptional coteol of eelleyele regula 
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tory genes [reviewed in (/3)]: il) an O-linked. 
N-acetylglucosamine (O-GleNAc) transfer- 
ase subunit (OGT), which modifies HCFCL 
(4); (ii) one of two related BAP! -uetivating 
subunits (ASXLI or ASXL2) (15): and (iv) 
‘one of to sequence-specific DNA binding 
proteins (FOXKI and FOXK2) that may pro- 
Vide target gene specificity (9-12) 

‘The BAPI complex is remarkable in two 
respects First, ASXLI is matted in CMML_ 
(6), Assuming that ASXLI and BAPE muta 
tions are mutually exclusive, this suggests 
that BAPI-ASXL1 is central to suppression 
of myelodysplastie/CMML disorders, and 
also implies that ASXLI may be mutated in 
ther turmor types with frequent BAPI loss, 
Sevond, orthologs of BAPI and ASXLI in 
Drosophila—Calypso and Asx—are com- 
ponents of the polycamb (PeG) repressor 
‘complex that controls fax gene expression 
presumably through deubiquitinating his 
{ones (15). Calypso lacks the motif that int 
facts with HICECI, so at face value, the major 
BAPI-Calypso complexes in humans and 
Drosophila are diferent in form. Moreover, 
[BAPI deficiency did not result in changes in 
HOX transcripts in hematopoietic cells (6). 
Also, the HCFC complexes associated with 
[BAPI appear to be distinct from the HCFC1- 
methyliransferase complexes previously 
Iinked with proliferative control (13). 

“To probe BAPI function in vivo, Dey et 
al, used quantitative proteomics to identify 
[BAPI complexes from the brains and spleens 
of mice, identifying BAPI-ASXLI-HCFC1- 
OGEFONKL, as well as ineractors yet to be 
validated, But which targets are important 
fie the tumor-suppressive function of BAPL? 
HCFCI is known to be ubiquitinated, which 
is reversed by BAPI (see the figure), raising 
the possibility that HCFC1 itself is  ertical 
target (10-12). Consistent with this, BAPI 
‘mutants that earn interact with HCFC fail 
to fully suppress cell growth in vitro (5, 12). 
‘Yet the precise mechanisms of regulation are 
unclear and may be contextlependent, as 
HICFCI levels are unaltered when BAPI is 
introduced into BAP -deficiest renal cancer 
cells (5), whereas HCFCI levels are dramat- 
ieally reduced in extracts from BAP~ sple- 
rocytes (6), Consistent with the potential for 
ditional BAPI substrates in the complex, 
Dey ef al. found that OGT was more rap” 
idly degraded in the absence of BAPI and 
that BAPI-ASXL1 could remove ubiquitin 
from OGT in Vitro (see the figure). Because 
OGT serves. asa positive regulator of HCFC 
(J), BAPL-ASXLI may function o stabilize 
(OGT and thereby keep HCFC! active. 

‘Because BAPI-ASXL1 isexpected to reg- 
ulate HCFC I-dependent transcription, Dey et 


al, used chromatin immunoprecipitation and 
DNA sequencing (ChIP-seq) from miacro- 
‘phages to identify ~6000 candidate binding 
Sites of the BAPI-containing transeriptional 
complex on ~5700 genes, the majority of 
Which are also associated with HCFCL and 
OGT, Of these, 32 were down-regulated and 
18 were up-regulated in BAPL- eels, includ 
ing several immune system genes, painting a 
‘complex picture of the BAP I-associated tran 
scriptional network, 

‘These studies provide a molecular Fame- 
ork for further elucidating the mechanisms 
by which BAPI suppresses tumorigenesis. A 
key unanswered question concerns bow the 
‘complex array of BAPI- and HCFC1-<lepen- 
dent transcripts creates a regulatory envi- 
ronment consistent with tumor suppression 
(ee the figure), Target genes will likely be 

tase of the hernia 


has emerged as a candidat, as i is requi 
for cel survival (6) nnd its levels are reduced 
in MDS. The answer to this question likely 
requires an analysis of how the BAPI com- 


plex is recruited to specific promoters —for 
example, through associated DNA binding 
factors FOXKI and FOXK2. Moreover, a 
clearer description of the identity and fate of 
TBAPI deubiqutination targets is necessary if 
were to fully understand the anatomy ofthis 
important tumor suppressor comples. 
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SOCIOLOGY 


Moving and the Neighborhood 


Glass Ceiling 


J. Sampson 


Moving toa lower-poverty neighborhood can havea tasting effect on individual well-being 


Wwenty-five years ago, Williams J 
Tit tea tet 
to increases in the concentration of 
poverty in the United States and the dimin- 
ished life chances of “the truly disadvan- 
taged!” (/). The hypothesis that growing up 
ita severely deprived neighborhood threat 
s well-being is rooted in a long seien- 
Life tradition. From Vietorian Londo 10 
present-day America, research has shown 
Tinks between neighborhood poverty and 
‘outcomes such as erime, economie depen 
ddeney, poor physical heath teenage pre 
naney, and schoo! dropout (2). But could 
the characteristics of individuals living 
is deprived neighborhoods explain these 
‘observed associations rather than the ehar- 
acteristics of the neighborhood itself (3)? 
On page 1505 of tis isue, Ludwig et al, 
(4) address this question by analyzing the 
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results of a policy project that supported. 
neighborhood relocation 

In the mid-1990s, the Moving to Opportu- 
nity (MTO) project by the US. Department of 
Housing and Urban Development randomly 
assigned rent-subsidized housing vouchers 
to over 4500 low-income and mostly Female- 
headed families. At the time, the families 
resided in public housing in exteemely poor 
neighborhoods of New York, Los Angeles, 
Chicago, Boston, and Baltimore. Based on 
their analysis of follow-up data 10 to 15 years 
Inter, Ludwig e al. report that averaged across 
the suidy period, voucher recipients lived in 
neighborhoods where 31.4% of residents were 
living in poverty. For comparison, the control 
group lived inneighborboods that were 39.6% 
poor. Although the neighborhoods of both 
‘groups were more than double the national 
average of 15% poor, voucher recipients had. 
better mental health and a higher subjective 
\el-being (happiness) than the contol group 
atthe end ofthe study: By contrast, there were 
no effects on economic sel-suliciency (such 
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Durable inequality. Hew York Cit sone ofthe TO 
study sts analyzed by tig el The spatial pattern 
‘of past and present neighborhood poverty in this and 
tthe ets constranes the ability ef study particpants 
to move. [Data fam (12,13) 


Manbatan 


frookin 


Staten and 


as welfare receipt and employment), and the 
efecto overall physical health approached 
but did not reach significance. 

MTO’s experimental design effectively 
eliminates individual characteristies, or 
“selection bias,” as a rival explanation of 
resulls, Furthermore, Ludwig et als study 
moves beyond the narrow confines of eco- 
omic outcomes to include both physi- 
cal and mental well-being. A related MTO 
study shows neighborhood effects on obe- 
sity and diabetes (5), 

"The authors also examine the long-term 
consequences of moving out of neighbor- 
hood deprivation, Neighborhood effects 
depend not only on where individuals live 
today, but on where they lived inthe past and 
where their parents lived (6-8), Because the 
average age of MTO participants was 30 at 
the start ofthe study, Ludwig et af. can only 
estimate the conditional effect of neighbor- 
hood relocation among individuals who grew 
up in poor neighborhoods and lived thee for 
years, Given this restriction, itis notable that 
Subsequent moves to lower-poverty neigh 
borhoods can make a lasting difference in 
core aspects of well-bei 

Although MTO may have targeted “aati- 
poverty” or economic outcomes, it was more 
“successful in changing cognitive and physi- 
cal aspects of individual well-being, When 
residents were originally asked about rea- 
sons for moving, getting away from gangs 
and erime was paramount. Neighborhood 


wuwsciencemag.org SCIENCE VOL337 21 SEPTEMBER 2012 


1995 Povey ate 


poverty is correlated with high rates of vio- 
lence and other dimensions of social dis 
tress (2), and Ludwig et a. show significant 
‘improvement for voucher recipients in the 
perceived safety and social control of the 
neighborhood, MTO thus impacted what the 
residents cared most about, rather than what 
policy-makers deemed most importa. 
However, the concentration of poverty is 
a stubborn problem, Experimental interven 
tions face formidable obstacles when indi 
viduals are the unit of intervention in cities 
‘marked by persistent neighborhood inequal- 
ity. Only about balfof the eligible participants 
used the voucher, in part because of dificul- 
ties in moving and in securing apartments in 
lower-poverty neighborhoods, Many voucher 
users moved to economically declining 
neighborhoods or eventually buck to higher- 
poverty neighborhoods (9), By the end ofthe 
study, only 3% in neighborhood poverty sep- 
arated the experimental and coatrol groups. 
‘There is alsoa strong connection between 
racial segregation and neighborhood pov 
erty (0), Affican Americans are much more 
likely than whites to be exposed to severe 
neighborhood disadvantage (6, 7). Ludwig, 
fal. found that reductions in poverty were 
‘more important than reductions in racial 
segregation for improving well-being, but 
MTO induced only minimal change in a 
highly segregated environment: Neighbor 
hoods of voucher recipients averaged 83% 
‘minority, compared to 88% for controls. The 
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shift was thus of degree not kind. 

‘The larger structure of inequal- 
ity becomes apparent when con- 
sidering New York (see the figure) 
Neighborhoods above 31% poor— 
the MTO experimental group aver 
age—are relatively rare and are 
embedded in clusters with a legacy 
of similarly high poverty. American 
cities in general are segmented by 
income and race, a persistent pat- 
tem over decades (2). Despite hous- 
ing assistance, MTO participants 
thus faced a persistent hierarchy 
‘of neighborhoods that highly con 
strained individual choice. Perhaps 
any voucher effects are surprising 

‘The social mechanisms that 
explain the neighborhood effects 
seen in the MTO study are unknown, 
‘Wen that neighborhood poverty is 
‘correlated with many other charac- 
teristics. Theory and observational 
research are needed to better explain 
\why neighborhoods matter Research 
is also needed across a broader range 
of neighborhood environments and 
outcomes, including neighborhood effects 
oon children, intergenerational processes, 
and residential selection, Durable neighbor” 
hood inequality sharply influences individual 
housing choice and thus neighborhood-level 
change, butitremains unclear whether people- 
based or place-based interventions will be 
more effective in confronting persistent spa- 
til divisions by race and class. With income 
segregation increasing and racial segregation 
remaining very high (17), the future well- 
being of the truly disadvantaged is a distine- 
tive policy challenge, 
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INTRODUCTION 


It Takes More Than 
an Apple a Day 


[AS MODELS FOR PREVENTION RESEARCH, INFECTIOUS DISEASES HAVE SET A HIGH 
standard, Thanks to the development and widespread distnbution of vaccines and 
antimicrobial drugs, we now live in a World fre of smallpox, nearly fre of poi 
and with declining rates of malaria and AIDS. These victories (some sill partial) 
have resulted in people living longer an acute infectious diseases being super 
seded in many countries as a public heath priority by long-term noncommui- 
cable diseases. Heart disease, metabolic disease, cancer, and respiratory disease 
together account for 60% ofall deaths worldwide and 80% of deaths in low- and 
middle-income countries. Global projections for dementia are particularly alarin- 
ing: By the year 2050, the disorder may affect more than 100 million people. 

Logie dictates that preventing these diseases is a better approach than treat- 
ing people after they have become il. In many eases, the knowledge and tools 
needed for prevention appear to be in place. A number ofthese killer diseases 
share risk factors that can he modified by lifestyle changes—for example, by 
eliminating tobacco use, eating less processed food, and inereasing physical 
activity. For certin cancers, screening tests are available that allow detection of 
the disease at an early stage. So why is prevention of these diseases so difficult 
When it seems like such a good idea on paper? 

‘This special section of Science highlights many of the challenges facing 
researchers in noncommunicable disease prevention, afield characterized by 
impassioned debates on issues as fundamental as whether the henefis of ean 
cer screening outweigh the risks, and which forms of prevention are the most 
cost-effective. The need for carefully designed elinieal trials is a common theme 
in discussions of potential chemopreventive agents—among them aspirin, 
Vitamin D, vaccines against chronic diseases, and -amyloid-lowering drugs. 
‘The preventive strategies most likely to succeed on a population-wide scale are 
described, as are the best ways to integrate these efforts with infectious disease 
prevention, and the far-reaching effects (some adverse) that disease prevention 
efforts could have on country’s economy. And even as medical researcher 
seek new prevention drugs and strategies, we are reminded that lifelong health 
requires proper nutrition, especially during the first 1000 day’ of life, and that 
effective prevention will require an understanding of why people engage in 
health-harming behaviors, 

‘One year ago this month, the United Nations convened a conference Focused 
‘on the global reach of noncommunicable diseases, and it has since seta goal: to 
reluce the probability of premature mortality from these diseases by 25% by the 
year 2025, Although the specifies are still a work in progress, preventive strat- 
‘egies will probably play an important role. As if prevention researchers dida’t 
already face enough challenges, they now find themselves working ona deadline, 

~ CAROLINE ASH, PAULA KIBERSTS, ELIOT MARSHALL, JOHN TRAVIS 
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Task Force's Prevention Advice 
Proves Hard to Swallow 


The current chair of the U.S, Preventive Services Task Force defends the panel's 
controversial decisions on issues such as cancer screening 


VIRGINIA MOYER, A PEDIATRICIAN WITH A. 
keen interest in health sereening, remem- 
bers what it was like wo be on the US. Pre- 
vyentive Services Task Force (USPSTF) 
belare it became notorious—hack when 
“we felt like we were toiling in obscurity” 
Created by the Department of Health and 
Human Services (HHS) 3 decades ago, the 
panel examines clinical data and decides 
whether methods of preventing disease — 
many of them already in use—are backed 
by evidence that they're worth using. 
Moyer's USPSTF term began in 2003 and 
except for a 2-year break, she has served 
ever since, becoming its chair in 2011. It 
‘vas in 2009 tha she and the rest ofthe task. 
Force shed their relative anonymity when 
they addressed a question many had thought 
settled: Should healthy women in their 40s, 
get an annual mammogram? 

The panel's explosive answer: No, 
because giving such advice would do more 
hharm than good, It would lead to a huge 
‘number of false alarms and biopsies, the 
16-member task force found, but would do 
litle to reduce cancer deaths, 

“That's not how the panel worded its con- 
clusion, however. Using carefully honed. 
metrics it gave a"C” grade (meaning weak) 
to evidence for benefits of mammography 
in this age group, atopic the task force had 
studied in various ways for years. Afler fail 
ing to agree on a Brat vote, USPSTF had 
commissioned new modeling studies to 


‘Questioner. Pasiatrician Virginia Moyer likes to 
ask, ‘Why are we doing this?” 


clarify risks and benefits, Then the majority 
voted “against” a proposed recommendation 
that 40-year-olds vet annual mammograms. 
Turmoil ensued. Cony 

mittees grilled USPSTF members—nearly 
all of whom were physicians or nurses, and 
many of whom had Ph.Ds. Crities hastened 
to point out that none were cancer special- 
ists. Advocates of mammography com- 


jessional com- 


plained that a nerdy committee was tying to 
feut medical benefits, Radiologists claimed 
that, maybe because panel members didn’t 
‘work directly with cancer patients, they 

adervalued the lifesaving power of mam- 
mography. Kathleen Sebelius, the HHS 
secretary, went on television to urge calm, 
arguably undercutting the panel by asking 
women to “da what you've always done: 
Talk to your doctor” (Science, 19 February 
2010, p. 936). 

The noisy response was partly the result 
of bad timing, says Moyer, a professor at 
Baylor College of Medicine in Houston, 
Texas. The task force issued its finding 
in the fall of 2009 when debate over the 
Administeation’s health care reform was 
raging and congressional election cam- 
paigns were heating up. It was a “perfect, 
storm,” agrees epidemiologist J. Michael 
McGinnis, an advocate of preventive health 
care and senior scholar at the Institute of 
Medicine in Washington, D.C 

USPSTF touched off another furor in 
May 2012 when it voted to reject a widel 
used mettid of sereening for prostate can 
cer: the blood test based on prostate-specitie 
antigen (PSA). In this ease, USPSTF found 
strong negative evidence and concluded that 
routine sereening of healthy men should 
stop. Urologists were outraged; since then, 
their professional associations have urged 
Congress to overhaul USPSTE. They want 
medical specialists like themselves seated. 
‘oa future USPSTF panels 

MeGinnis says he expected some storms 
both within and outside government when, 
asa top HHS official, he created USPSTF 
fn 1984. That's why HHS set it up as an 
independent body: “We wanted them to be 
totally unfettered by anything but the evi- 
dence inthe way they went about their busi- 

But the nature of controversy bas 


Public Health Measures in Disease Prevention 


‘Vaccines for infectious pathogens, often mandatory, are a widespread mothod of preventing diseases 
ina population, but organizations and countries have also tackled noncommunicable diseases with a 
some notable examples. 


variety of public health measures. Her 


C-ING OFF SCURVY: scurvy, which was recognized as ar backs Hippocrates, 


‘sults from a deficiency of vtamin Cand provents the formation of collagen. Scurvy 

‘was once @ common prablam for these on long marine voyages, kling mare than & 

millon sailors according to some estimates, but evidence slowly buit that eating 

‘ius fruits and other foods ich in vitamin C could praventt. Uimatey, Britain's 

1857 Merchant Shipping Act would mandate that sailors inthe country’s Royal 

Navy or Merchant Navy receive a daly ation of ime orlemon juice to pravent the conto. 


PASS THE SALT: the mineral 
indi plays a crucial role inthe 
‘dovelopmentofthe body and the 
brain; deficiency can ead to 
‘mental retardation, crtinism, and 
thyroid probloms,Switzerand was 
the irsttointroduce iodized salt, 
in 1922, awy to help prevent 
these conditions, and the United 
States and many other counties 
‘ould soon adopt the practice. 
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changed since the 1980s, When USPSTF 
began, MeGinnis says, he imagined that it 
‘would highlight the benefits of preventive 
services, “to show that the evidence base for 
prevention was even stronger than for many 
treatment interventions.” AL the time, clini 
cal medicine “was overwhelmingly focused 
MeGinnis says, 
McGinnis, who started in the Carter 
Administration and also served 
lunder presidents Ronald Reagan 
al Bill Clinton, agrees with Moyer 
thatthe 2009 storm over marino 
raphy was partly about polities, But 
he says that experts were at odd, 
and that unlucky timing and “poor 
communication” of findings con 
tributed to LSPSTF' woes, 

‘Ned Calonge, the physician-epidemiologist 
Who was chair of USPSTF when it made it 
‘mammography recommendations in 2009, 
says that what really surprised him was being 
shut out ofthe subsequent public debate, “I 
\was frustrating to me not being able to coun- 
teraet the very carefully erated misinforma- 
tion from the advocates” of mammography 
screening, says Calonge, now CEO of The 

8 philantheopy 
rol of the message.” 
ily days, USPSTF undertook 
wo reviews of more than 150 preventive 
measures—trying to cover the universe, 
MeGinnis says. But medicine was changing 
too rapidly to keep up this pace; in the late 
1990s the panel switched to doing analyses of 
Single topics, which it now selects with input 
from researchers and the public. This yea, 
for example, more than 20 topies are under 
review, ftom sereening for abdominal aortic 
aneurysms to the use of vitamin D supple- 
mens ta prevent cancer and esteoparasis, 

Calonge, Moyer, and McGinnis all say 
that USPSTF needs to learn to communi 


fon the treatment sid 


po €1013 


ATAXING 
EFFORT: rates ot 


obesity, heart disoa 
and diabetes areal 
inereasing worldwide, and 

‘many nutitionists fay the blame 


‘on eating a0 much food laden with sugar and ats, Last yor, 
[Denmark sought to curb poor nutrition by making certain prod- 

Ut more expensive, introducing a tax adjusted tothe saturated 
fatcontent on products such as butar, milk, chooso, pizza, 


oil, and processed foods. 
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cele findings more clearly. And they ag 
‘on another point: A bill proposed in Con 
sgress this year to revamp USPSTF would 
not be a great way to improve scientific 
reviews. Introduced by Representative 
Marsha Blackburn (R-TN) and others, the 
USPSTF Transparency and Accountabil: 
ity Act of 2012 (JR. $998) would require 
the task force to include “stakeholders 

and “specialty care providers 
‘oa decision-making panels, This 
is the plan backed by urological 
associations. 

‘Moyer acknowledges that the 
task force can use advice from 
‘medical specialists, but only if 
they are experienced in clinical 
epidemiology and primary eare—and are 
thoroughly impartial. Reeruiting advocates 
as reviewers would defeat the purpose ofthe 
task force, she says. 

‘Time is running out for the Blackburn 
bill in this Congress. Buti it fails this year, 
the appeal to shake up USPSTF by includ 
ing advocates may come back in 2013. 
Science recently spoke with Moyer about 
her role, her task foree’s recent fame, and 


its fiture, Her answers have been edited for 
brevity and clarity 
“EUOT MARSHALL 


Ho yo geo helt? 
into evidence-based meuli- 

nd to say, why are we doing 
this? (have a journalist father and a scien 
tist mother) I was extremely fortunate to yo 
toan early workshop sponsored by MeMas- 
ter University, one of the birthplaces of 
evidence-based medicine. I got very 
Thad written a paper about 

‘whether there was any evidence for what we 
do in pediatric checkups, I looked at pro- 
‘cedures that were recommended by at least 


involved. 


THWARTING DECAY: cavt 


SPECIALSECTION 


two august bodies for these checkups and 
dug up the evidence for them, and it turns 
tout there’ aot a lot oft, That doesn't mean 
they don't work, 


(0: On the task force, was there concern 
about potential harms from preventive 
ining? 

‘anew way of looking at 
things. We don’t just say, “Oh, prevention is 
wonderful” As in all of medicine, you have 
to look at the upsides and the downsides, 
the benefits and the harms, ... Ifyou have 
someone who feels fine when they come 
into the office, and you give them a sereen- 
ing test, you can’t make them feel better. 
‘The only thing you ean do is make them feel 
worse. So we balance both the benefits and 
the harms of any preventive service. 


‘a concern over cost drive this 


VIM. That was not a big concern. It was 

‘You don't want todo some- 
thing that doesn't work—that is just a waste 
of money. More important, iti a waste of 
time. Ina clinical encounter, you don’t want 
to waste any of the limited time you have. 


(0: Why was the recommendation 
routine mammography controversial? 
VM: The timing of the release coincided 
With health reform and the election. People 
were looking for a reason to be upset 
The health care reform bill said that if the 
USPSTF makes a recommendation with a 
igrade of A or B, that service would be first 
dollar covered (hy health eare providers) 
Well, the task force dida’t give mammoge 
phy for women aged 40 10 49 an A or B, so 
people interpreted it to mean they woulda’t 
be able to get [insurance] coverage, But that 
{sat what the recommendation says at al, 


resultwhen an infection —usually bacterial — i 
damineralizes teeth, but mare than a cantuty ago 
resoarchors bogan to explore whether fluoride 

inwater could stymie that process. After a 
study in a Michigan city showed that fuori- 
dating the water supply reduced tooth decay 
among residents, U.S. officials backed the 
pravention strategy in 1951. Water fuorida- 
tion would soon become widespread nthe 
United Statas and many other countries, 
‘though some worry about ts other health 
implications or argue itinringos ther rights 


at, 
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(0: What did you take away from 
that experience? 


VIM: We learned that we were suddenly 
in the public eye, which has dramatically 
changed how we communicate. We have 
expanded the transparency of what we do 
and opportunities for input from the public 
and fiom other stakebolders, 


0: Did you have public 
comment before? 

VIM: We did not, 
Everything went out fr 
review 10 all kinds of 
people who we thought 
would be interested, 
‘Now itis put out on our 
Web site for anyone who 
wants to respond. We 
now invite public com- 
‘ment atthe point when 
we are starting to think 
about a topic, so the 
public can say, “Well 
Yyou are not asking the 
Fight questions.” .. It 
really helps us to under. 
stand what people are 
interested in, what they 
are concerned about. 
And other experts may look at an issue and 
say, “I think you should frame it differently: 


0: Did the PSA recommendation turn out to 
be as controversial as mammography? 
VIM: In some ways it is probably more 
controversial. The mammography recom: 
‘mendation itself is not all that excitin 


It says: Think carefully because there are 
Don’t just leap into it 
The PSA recommendation says: Don’t do 
it, That has been very controversial with the 


some downsides 


urologists and with some but not all advo- 


cacy organizations, ... We all have great 


BABY SAFEGUARD: theres requenty 
debata shout whether a screening mthod saves 
lives, butfow doubt th effectiveness of one 
widely used method: tho phonyketonuria (PKU) 
testnow given to nowbornsin many industrial 
‘zod countries. Often part of an arsenal of athor 
newborn assays, the PKU tostchocks whether 
ninfanthas atoxc buildup of the aminoacid 
‘honalanine, which can lead to mental etar- 
dation and other medical probloms. PKU is 
otacted in a nowt, to infant canbe given a 
specialized dit and avoid most heath fects. 


Screening shocker. The task frca’s deci 
sion on mening ina! many ripe 


hope [that preventive screening will work}, 
and itis pretty painful to have that bope 
taken away, 


Q: Have task force recommendations 

‘caused a change in behavior? 

VIML: There has been a change in mammog- 

raphy frequeney that has been pretty well 

studied now over the last couple of years 
And there have been 
couple of studies Look- 
ing at the frequency of 
PSA [tests]. And [bath] 
have gone down a litle 
bi 


0: Does ittake a long 
ime for recommenda: 
ions to be acknow- 
ledged? 

VIM. Absolutely, We 
shoulda’t be surprised 
by this. There are tons 


and tons of data out there 
fn how long it takes for 
changes in health care to 
really take holdin prac- 
tice, There was a study 
decades ago that’s always 
quoted that says it takes 
18 years to get anything new into practice 
that may not be exactly accurate, but itis true 
is hard and it takes a Tong time. 


that chan 


O: There's a bill in Congress mandating 
that medical specialists be included on 
USPSTE panels. What do you think of it? 
VM Ics important to recognize that .. we 
[at USPSTE] already do have the appropri 
ate specialists on the panel: specialists ia 
primary care and in evaluating science, Our 
recommendations are addressed to primary 
care clinicians about people who visit their 
eneralists without specific concerns; these 


TOBACCO WARNING: in response 
to 1964 roport on smoking by the Sur 
g00n General, th United States became 
the frstcountr to mandate heatth-hez- 
ard wamings fr cigarates and othar 
tobacco products. Other counties have 
followed suit, and 


inane = 
bomen — 
became net Se 
nore gape 

dongs. — 


are not people who are going to specialists 
with a concern. Ifyou put advocates on the 
panel, all you're doing is asking for advo- 
acy, not seience. 


(0: How much should task force 
work be linked to policy, such as 
spending decisions? 

VIM. In many countries—England is a 
‘good example —the body that does the type 
‘of work we do is directly linked to policy 
decisions. In this country, that doesn’t go 
as wel, ... We da not do costeffectiveness 
analysis. That isa scientific ld in and of 
itself, and it's very resource-intensive. We 
don't do that 


O:Some say it would be a mistake to link 
the scientific review and policy decisions 
bbocause the science would suffer. 

VIM.: That tends to be right. ... We don’t 
ignore the fact that there are [Financial] 
costs associated with things, and we partic: 
ularly consider cost tothe individual tobe a 
potential harm, but not in an explicit quan: 
Uitative way. We do consider the fact that a 
false-positive test not only ens up requir 


ing in many instances invasive and unpleas- 
ant procedures to determine that it was a 
false positive, but it ean also be costly to 
the individual in time and money. My most 
recent false-positive mammogram cost me 
$2000 out of pocket, because insurance 
only covers the mammogram; it doesn’t 
cover the biopsy. Two thousand dollars is 
real money, Our purpose is not to save the 


system money. Our purpose is to improve 
the health ofall Americans 


VIM: Probably. And that's OK, Somebody 
needs to be looking at the things that we 
[physicians] always do with a eritical eye 


FLOUR POWER: the addition oftc acid ta 
broads, grains flour, and other food products in 
many industrialized countrias has boon crodted 
with ducing the number of babies born with 
nouraltube defects. The US. Food and Drug 
Administration announced in 199 thatit would 
begin requiing foie acd fortification in certain 
foods, and afew athar counties have takan the 
same action. Similarly niacin has boon volun- 
‘arly added to enriched flour in some countries 
tohelp ward off pellagra, the sometimes fatal 
disease caused by a B vitamin deticioncy. 
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Will an Aspirin a Day Keep 


Cancer Away? 


Data suggesting that regular aspirin use lowers cancer risk has accumulated to the paint 
‘where some argue that's time ta recommend that many more people take the drug 


IN THE LATE 1970S, A SURGEON IN 
Melbourne, Australia, wanted to figure out 
Why his countzy had a relatively high rate of 
colorectal cancer. After he and calleagues 
interviewed more than 700 cancer patients 
anda comparable number of healthy people, 
they reported in 1987 and 1988 that Austra- 
lians' penchant for beer, fatty foods, and ed 
reat all seemed to predispose them to 
the disease. The researchers also found a 
surprising protective factor: People who 
regularly used aspirin were 40% less 
likely to develop colorectal eancer than 
those who did't take the de 

‘That fist hint that dhe age-old head 
ache remedy al 


blocks intestinal 


tumors helped spur a wave of esearch 
jn animals aad clinical trials that estab 
lished that aspirin and other nonsteroidal 
anti-inflammatory drugs (NSAIDs) 
protect against colon eancer. And now, 
2 decades late, aspirin is generating new 


excitement among eancer researchers. 


series of studies from the United King- 
dors in the last 2 years has offered the 
first evidence trom placebo-conteolled 
clinical trials that regularly taking low 
doses of aspirin wards olf other types of 
cancer as Well. 

The studies, which tallied cancer 
people who had been tak- 
aspirin for years to prevent vascular 
events such as heart attack and stroke, 
found that death rates from several 
tumor types were as much as 37% lower 
And even in the people who developed 
a cancer, taking aspirin seemed to slow 
the spread of tumors to other parts of the 
buy. “Its just about the first proof of prin- 
ciple that a simple compound of any kind can 
reduce the risk of several cancers," says lead 
researcher Peter Rothwell of the University 
of Oxford in the United King 

These reports have raised the tantaliz- 
ing possibility that aspirin could serve as 
the ftst anticancer drug forthe general pop 
ulation. “It reshapes the debate about the 
risks and benefits of aspirin for cancer pre- 
vention,” says colorectal cancer researcher 
Andrew Chan of Massachusetts General 
Hospital in Boston, 


Because aspirin can cause stomach upset 
and dangerous internal bleeding, US. guide 
Tines now recommend that only people at 
clevated risk for heart disease or stroke take 
low doses ofthe medicine, typically 81 milli 
‘grams a day, But Chan and others suggest that 
‘medical societies and polieymakers should 


also consider aspirin’ general cancer-fighting 


Versatile. Aspirin mayblock cancer as wallasvasculr disease 


effects, Rothwell, who is 48, is so convinced 
by his team’s data, for example, that he's 
‘begun taking aspirin daily even though be has 
no risk factors for vascular disease. 

‘The new British aspirin studies are also 
fueling basie research on NSAIDS to ward 
off cancer, field that lost momentum in 
the past decade when one NSAID, Vioxx, 
was pulled off the market because af safety 
‘concerns. Partly because of the UK. results, 
US. National Cancer Institute (NCI) Diree= 
tor Harold Varmus last year added to his list, 
(of 24 “Provocative Questions” one that asks 
‘what isthe mechanism by which aspirin and. 
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other NSAIDs protect against cancer (see 
sidebar, p. 1472). NCI hopes the attempt to 
resolve the question —there are several com- 
peting theories — will ead to next-generation 
anticancer drugs and biomarkers showing 
\who will respond to them, 

But some cancer researchers say health 
policymakers needn't wait fora better aspirin 
and should advocate wider use of the current 
one. “This is really extraordinary oppor- 
tunity if everything bears out, because you 
have a drug that costs a penny a pl ata low 
dose, that cas prevent the iwo major causes of 
death inthe Western world” says epideriol- 
‘gist Michael Thun of the American Cancer 


Society in Atianta 


Comeback 
‘Thua's optimism is the latest high in the 
up-and-down story of NSAIDs as a can- 

preventive. Aspirin and some other 
[NSAIDs first hore out their promise in 
‘wials published starting in 2000 among 
people who had had precancerous colon 
polyps removed and others genetically 
prone to colorectal cancer. The drugs 
protected them from polyps and prema- 
Tignant tumors that precede full-blown 
‘cancer. Such people are now sometimes 
‘advised by their actors to take NSAIDs 
as an adjunct to surgery to prevent pol- 
yps from recurring 

‘Although epidemiological evidence 
thas suggested that aspirin could have 
broader anticancer effets, those results 
aren't conclusive. They come from stud- 
ies in which people answered questions 
about their past use of medications 
‘a design prone to bias in part because 
‘memories aren't reliable, And hopes 
for aspirin fell in 2005 when a huge 
prospective study-—a randomized con- 
‘rolled trial called the Women's Health 
Study (WHS) 
tion inthe incidence af eancer in nearly 
40,000 women who took low-dose aspirin 


failed to sho a reduc- 


every other day for 10 years 

The field of NSAIDs for cancer preven- 
tion also suffered a black eye when to arthr- 
tis drugs developed to avoid the side effects 
of aspirin, the COX-2 inhibitors Viexx and 
Celebrex, were tested in trials to prevent 
colon polyps. In one large trial, Viowx cut the 
risk of polyps but raised the chances of heart 
attack so much that risk arguably outweighed 
the cancer benefit. Vioxx was pulled off the 
‘market in 2004 and Celebrex, although still 
used for preventing colorectal cancer in peo- 
pleat high risk of such disease, now carries a 
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“black box” warming label 
The pendulum began to swing back in 
{vor of aspirin, however, when Rothwell, a 
neurologist, noticed that fewer overall ean- 
cers had occurred among patients in the 
leealment arm of randomized trials launched 
in the 1980s to test aspirin as a way to pee- 
vent stroke. Amassing details an the can- 
cers from patients’ paper health reconls and 
UK. health databases his team initially con- 
firmed aspirin’ ability to ward off coloree- 
‘al cancers, reporting in 2007 that there were 
24% fewer eases and 35% fewer deaths in 
the aspirin group after several years. Then 
in late 2010, they reported that patients 
taking aspirin at any dose daily for at least 
5 years cut by 21% the long-term risk of 
ying from colorectal, gastrointestinal, 
esophageal, stomach, pancreatic 
lung, and prostate eancers 
Rothwell’s group expanded on these 
results in three papers published ia The 
Lancet and The Lancet Oncology this 
spring. One, a meta-analysis of $1 random- 
ized rials in which aspirin was taken daily 
ound 37% fewer deaths from cancers after 


brain, 


Pas 
y T 


Believer. Peter Rathwel's can: 
cer studies convinced him to 
take a dally asprin 


5 years. (The study came 
with a large caveat: It 
excluded WHS and an ear 
lier trial that found no ben- 
fit, the Physicians’ Health 
Stuy, because participants 
in each took aspirin only every other day.) 
‘This meta-analysis also found that while 
the aspirin group had more stomach bleeds, 
these incidents were not fatal—people 
recovered —and the bleeding risk went down 
after several years on aspirin. Another pape 
found that people on aspirin who developed 
cancer were 36% less likely to have tumors 
that had spread. A thied paper found a 
“remarkable consistency” inthe drop in ea 
cers among aspirin users in epidemiologic 
studies and elinival trials, Rothwell says. 
While these studies weren't designed spe- 
cifically to test aspirin against cancer, some 
researchers say that beeause so many people 
now take aspirin off-label it would be difl- 


cult to conduct hetter tr- 
als, The Rothwell studies 
are “probably the bes 
dence we'll ever have on this 
top” Chan say. 


Weighing risks 
(Chan is part of an interna. 
tional panel on cancer pre: 
vention that, in response 
to the Rothwell studies, plans to update its 
stance on aspirin published 3 years ago, 
The group's leader, epidemiologist Jack 
Cuzick of Queen Mary, University of Lon- 
don expects the panel may suggest that 
people take low doses of aspirin daily start- 
ing around age SO and stopping by age 70, 
‘when the risk oF internal bleeding rises. The 
group may also discuss whether doctors 
should screen patients forthe wleer-causing 
Helicobacter pylori bacterium, treating 
those who test positive with antibioties 
before putting them on aspirin, to reduce 
the risk of bleeds. 

‘Some US. researchers alsa suggest that 
it's time for the U.S. Preventive Services 


Wondering How the Wonder Drug Works 


HOW DOES TAKING ASPIRIN WARD OFF CANCER? RESEARCHERS 
still don't understand the mechanism, alackot knowledge thatthreat- 
‘ans to frustrate development of better cancer prevention agents. 
But some say the latast clinical studies linking low-dose aspirin use 
with fess cancer (see main story, p. 1471) suggest there's no need to 
improve upon this 13-year-old workhorse drug 
‘Among its many known effects, aspirin, or acetylsalicylic acid, 
inhibits two forms of enaymes known as cyclooxygenases (COX) that 
convert arachidonic acid into lipids called prostaglandins. Prosta- 
landins made by COX-1 protectthe stomach lining, while those made 
by COX-2 ate involved in inflammation. Aspirin’ inhibitor affects 
‘on COX:1 seem to explain why the medicine can upset stom- 
chs and tggor intornal bleeding. Many researchors have 
concluded that aspirin pravonts cancer mainly by blocking 


the activity of COX-2, That's because the same inflamma: 
tion-driven responses that hop tissue recovery from wound 
Injury—cell division, blood vessel formation, and suppression 

of programmed call deat, fr example—may also help tumors grow. 
Several tines of evidence implicate COX-2 in cancer induction 


‘The enzyme is overproduced in many eancer types; mice lacking 
its gone are lass prone to colon cancer; and tials of nonstoroidal 
nt-nflammatory drugs (NSAIDs) that targot only COX-2 protected 
against precancerous colon polypsin people at high risk. 

Reducing inflammation via COX-2 probably in’ the only way aspi- 
rinprovents cancer, however. “We ar asa fal gotting down to some 
tfthe machanisms, but its very complicated,” says Raymand Dubois 
tfthe MD Anderson Cancer Centar in Houston, Texas. A decade ago, 
rosearchors found that aspirin ean block production ofa protein callod 


[NF-x that protects coll from early death. Although the studies were 
done in the tast tube at aspirin doses much higher than those in the 
bloodstream, the NF-e8 hypothesis remains on the table—along with 
‘mare than a dozan possible mechanisms—from inhibiting varius eal 
‘growth pathways targating cancer stam colls, "There are anumbor 
of voryfferont,dvergantidoas,” says Asad Umar ofthe National Can- 
car Institute's Division of Cancer Prevention in Bethesda, Maryland 

Some exports say new clinical studies oflow-dose aspirinand can- 
‘er suggest that COX.2 isnt directly involved at al. That's because at 
low doses, the drug doasrt black COX-2 but stilimparsplatlts, the 
smal cel fragments in blood that help form clot, va the COX-1 path- 
‘way Studios suggust that platolts bluntthaimmune attack on cancer 
¢alstravoling in blood and produce growah factrsthathlp thom take 
root in a naw place, notes University of Pennsylvania pharmacologst 
Garrett FitzGerald. Some experiments suggest that activated platelets 
can als stimulate the COX-2 pathway in adjacant calls, which would 
axplain how aspirin, by damping COX-2 atthe sito of an injury, could 
block the early stages of colorectal cancer, says CatlaPatrono, aphat- 
‘macologst atthe Catholic University in Rome, aly 

Efforts to make an aterativato standard aspirin haventtyst panned 
‘ut Soveral drugs that target only COX-2, notably Vioxx and Colobrex, 
unacceptably raised heart atack risk, for example. And a version of 
acetylsalicylic acid containing a chemical group called nae aide that 
‘as Supposed to reduce side affects failed to gain regulatory approval. 
Some researches are combining aspirin with other compounds such 
as lip ta reduce stomach upsot But these ae years from the clinic. 
For now, “I don think a bottr aspirin is the issuo,” but rather figuring 
‘utwhich individuals stand wo boneitromtmost FitzGerald says. LK. 
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Tak Fos p46) 10. “troshapes the debate <I 212, piv 
update ite guidelines onthe ‘ ogists sil got called tothe 
risks and benefits of daily about the risk and emergency room for bleeds” 
aspirin use. The group had enefits of aspirin for caused by the drug, says 
endorsed its, preventive von" cancer prevention researcher 
prowess for beart attack C@MCEr prevention,” Ani. Dannenber of Cor. 
tnd stroke but discounted —aonew CHAN, nell University. Colorectal 
its anticancer effects. The WwassAchUSeTTS cancer researcher Sanford 


potential to protect against 
both cancer and heart dis 
ease could tip the balance toward recom- 
mending aspirin for many more healthy 
adults, Thun says. 

Others are more cautious about 


mending broad use of aspirin to ward off can- 


F POLO. 


GENERAL HOSPITAL 


Markowitz of Case Western 
Reserve University in Cleve 

land, Ohio, points t studies suggesting that 
only people with a particular yeneti profile 
will ee their cancer risk go down ifthey take 
aspirin. “T would want more data on who 
benefits and who does no,” Markowitz says 
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Cancer prevention researcher Raymond 
Dubois of the MD Anderson Cari 
ter in Houston, Texas, i also wary. “In 
tially we thought we could put asprin in the 
drinking water. Thats not the ease,” he says 
“Where this field is going is towards a more 
personalized approach 

The picture may become clearer soon 
when WHS reports on longer-terin effects 
of aspirin on cancer risk. Their next paper 
“ill be crucial,” Rothwell says. And even 
some on the pro-aspirin side urge cau- 
tion. “We don’t yant to mess this up,” 
Thun says 


-JOCELYN KAISER 


With push fom 2 
local nonprofit, The 
Food Tust,anda 
inal of federal 
funding, efforts are 
underway to boost 
healthy offerings at 
smal grocers around 
the cy 


Tackling America’s Eating Habits, One Store at a Time 


Several initiatives are evaluating if easing 
Americans eat—and reduce obesity around 


HILADELPHIA, PENNSYLVANIA—The food 
‘market Clara Santos runs in South Philadel 
pia is less than 5 kilometers from the city’ 
‘majestic art museum. Driving there, polished 
brick townhouses and trendy eateries with 
names like Caffeination and The Belgian 
Café give way to stretches of modest row 
houses, abandoned lots, and the oceasional 
comer store advertising massive sandwiches 


called hoagies. Santos, who emigrated from 
the Dominican Republic lives not far from 
the Olivares Food Market she took over 
4 years ago. Graff marks its outer walls, 
but the shop, on a quiet block sandwiched 
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access to healthy food will change how 
the country 


between two city schools, is tidy inside, Chit- 
dren stop in frequently for soda and candy 
afler elasses let out 

‘Santos’ store is one of 642 data points in 
anunusual urban experiment. Eight years ago, 
‘local nonprofit called The Food Trust heya 
studying whether bringing healthy, affordable 
Food to corner stores lke hers could chan 
cating habits among the city's economically 
disadvantaged residents. The program started 
small. Then in 2010, the Healthy Corner 
Store Initiative rapidly expanded after part- 
nering withthe Department of Public Health 
here, which had just received a windfall: 
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S15 million to help prevent obesity, part of 
‘$373 million ftom the Federal stimulus pack- 
age earmarked for health and wellness efforts 
around the country. Santos joined the projes 
last year along with hundreds of other con- 
venience store owners. Among other support, 
she received a display refiigerator where she 
showcases yogurt, precut watermelon, car- 
rots, apples, and other fruits and vegetables, 
along with ns for produce such as 
‘onions and plantains. Why not give the pro- 
gram a ty, Santos says she thought: "Maybe 
\welll help the community 

Like Santos and those at The Food Trust, 
more and more people are trying to change 
the landscape of food in Ameria. And change 
fs desperately needed, More than one-third of 
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US. adults are obese, as are about 17% of 
children ages 2 and up. In 2008, researchers 
estimated that obesity cost the nation a stag 
‘ering $147 bllio in medical costs, 

“Many paths lead to obesity and the lack of 
access to healthy foods is thought to be just 
‘one of them—but for those on the frontlines, 
it seems among the easiest and 
cheapest to modify, The stategy is 
also getting & boost from frst lady 
Michelle Obama, whose plan to 
‘combat childhood obesity includes 
the elimination of “food deserts,” 
Uefined as low-income commu 
lies that are a significant distance 
from a full-fledged grocery store, though 
the specifics vary depending on whether the 
neighborhoods are urban or rural, among, 
‘other factors. 

Swapping food deserts for stores boast- 
ing fiesh produce and other healthy foods — 
and using Varied strategies in bopes of coax 
ing locals to buy them—comes 
With two questions. First, des 
promoting these foods change 
‘eating habits over the long haul? 
‘And second, does this, in tun, 
help fight obesity? Marketing 
‘bananas, demonstrating how 
to use cabbage in meals, and 
putting more boxes of whole- 
some cereals at eye level all 
sound like sensible practices 
that should help people lose 
weight or keep it off, but until 
recently, more effort has gone 
into initiating such interven- 
lions than scientifically mea- 
suring whether they matter. 
People “have an intuitive feel 
about the value and worth of 
this” since individuals cannot improve t 
eating habits and potentially lose weight if 
the food isn't available to them, says Alisr 
Karpyn, the director of research and evalua- 
tio at The Food Trust. “The mandate from 
policymakers was, ‘These communities need 
stores, they need revitalized neighborhoods, 
wasn’t, “We want to measure theie BML. 


Evolving tactic 
In the early days of food-desert research, it 
was boped that simply plunking down a well: 
stocked supermarket where there wasn't one 
‘could change eating habits, One ofthe first, 
people to test this was Neil Wrigley, an eco- 
homie geographer and urban planner at the 
University of Southampton in the United 
Kingdom, Through his planning work, 
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Wrigley was well-connected to the retail 
industry, and in 1999 he learned that a sizable 
supermarket would soon open in an impove 
ished area of Leeds, 

“The neighborhood bad high crime rates 
and many very young mothers. It was, 
Wrigley says, “isolated from the mainstream 

of economic life” 


From this 
community, Wrigley recruited 
1009 households to help him 
examine how eating habits 
changed after the supermarket 
‘opened. Tracking eating habits 
for a week, $ months before and 
‘again 7 months after the super- 
‘market opened, Wrigley determined thatthe 
‘new supermarket did indeed influence food 
choices, butts impact was slight and variable. 

Taking together all 615 households that 
stuck with the study, there was no measurable 
dlifereace in fut and vegetable consumption, 
[But when the researchers looked at only the 


Beacon. This UX. supermarket wich opened nan impoverished areain 2000, was 
studied forts impact on eating habits 


several hundred households that switched to 
shopping atthe new store, there was a modest 
change: They added about a quarter-serving 
of produce to their diets, boosting the total 10 
2.89 servings lil far below the recommen- 
‘dations atthe time of five servings a day. “We 
weren't expecting a big impact from improv 
ing availabilty, we ust wanted to see whether 
there was any impact,” says Wrigley, who 
called the results “heartening. 

Wrigley’s results suggested that a new 
store on its own has only so much power 
Some consumers avoided the Leeds supe 
market because they worried they'd be 
tempted by its rich offerings and would waste 
‘money, Furthermore, “maay af these 21-yea 
fold mothers had no experience in cooking at 
all” Wrigley says. 


‘Public by AAAS. 


Another reason a new store has limited 
influence is that nearly everyone, no mat- 
ter how they eat, is accustomed to buy- 
ing roughly the sume foods and preparing 
roughly the same dishes week after week. 
“You have to change patterns that have been 
ingrained over time,” says Helen Lee, who 
recently moved from the Public Policy Insti- 
lute of California in San Francisco to the 
social policy research organization MDRC 
in Oakland, California, 

Lee studied how proximity to grocery 
stores affected childhood obesity in about 
3200 communities around the country. The 
result? “What children had access to in the 
residential enviroments didn't predict who 
became overweight or who stayed ove 
weight,” she says. In general, evidence sug- 
esting that people eat betier when there's 
healthy food nearby “is really mixed” says 
Lee, who worries that eliminating food des- 
eis in the absence of broader structural 
changes to combat poverty 
such as educational reform 
and job training, could be a 
‘waste of precious dollars 

‘Against this uncertain back- 
drop are widespread efforts 
to promote access to healthy 
foods among the poor. In both 
‘New York City and Philadel- 
phia, residents who use $5 
‘Worth of food stamps at a farm- 
cer market receive $2 more to 
spend on fresh produce thet 

Ia New York City, the Shop 
Healthy NYC initiative is, 
among other things, encourag 
ing owners of more than 1000 


of stall corner stores called 
bodegas to stock produce and 
‘other healthier foods, such as low-fat milk. 
But tracing what people are actually bu 
in bodegas hasn't panned out. “The major- 
ity don't have electronic cash registers” 
and don’t provide receipts, says Sabrina 
Baronberg, who helps aversee the program 
atthe city’s Department of Health and Mes 
lal Hygiene, “We've tried a variety of mech- 
anisms .. 1S very difficult wo tack sales. 
‘The push for change despite limited data 
has divide public heath experts. On the one 
hand, many’say that it's hard to see a down- 
side to offering more fruits and vegetable 
Jow-sodium products, and low-fat dairy 
‘options to disadvantaged communities. On 
the other, With limited public health money, 
Lee, Karpyn, and others say, it makes sense 
to understand which strategies work best, 
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rather than implementing a hodgepodge that 
may of may not make a difference. “I woo- 
der if we're going about it the wrong way. 
Lee says, “if we're putting the intervention 
before the science” 


Store-by-store 

Inneighborhoods dotting San Diego County, 
Guadalupe Ayala is trying to put science 
first. Ayala, «public health rescarcher at 
San Diego State Univesity in California, 
focuses on modifying behaviors to prevent 
obesity and othe chronic health conditions 
Carrently she's working with 18 smal-o- 
mediumsined grocery stores whose shop- 
pers are mainly Latino. Nie ofthe stores 
tre left lone. Inthe other nine, Ayala inter 
‘eres by beping the overs offer healthier 
Foods: hy peoviing, for example, «salad 
bat for precut vegetables (which many 
Mexicans like to ea, she says), or explor 

Tow ingredients in prepared foods ean 
be modified to make them healthier. The 
researchers are also providing marketing 
itera to highlight healthy foods. Thanks 
to thee sinal sie andthe immigrant com- 
rounity they serve, the store’ staf members 
Know niany of their shoppers by name— 
leading Ayala to suspect tha they might have 
say over wiat customers buy. Wi this in 
tind, employees are trained "todo sgges- 
tive selling to promote healthier foods" 

To measure the outcome of the various 
interventions, Ayala and her colleagues 
are recruiting 396 customers 22 for each 
store—and tracking their eating, habits 
fora year. The researchers are also study- 

i what goes on inthe sores: Do they sell 
tore healthy foods? Do they allocate more 
space o such food? Do they use any market 
ing strategies beyond what Ayla suggests? 
To verify that Customers are eating the 
feesh produce they buy, Ayala had planned 
to gather blood samples from 25% of par- 
ticipants and Took at eves of carotenoids, a 
Component in rit and yeyetabls. But the 
5 pean, which is Funded by the US. National 
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Cancer Institute, was redueed and that side 
project was eliminated. Still, Ayala has an 
‘impressive 2.75 million for the effort—a 
sign of how expensive it is to probe these 
{questions on even a small scale. 

‘Another challenge for researchers like 
Ayala is keeping healthy foods affordable, 
‘She and her colleagues are keenly aware that 
ifthe foods they highlight aren't roughly the 
same east or cheaper than what they aim to 
replace, interventions are unlikely to work. 
This often means focusing on less expen- 
sive produce, such as tomatoes and zue~ 
hint. Or it might mean expanding the aum- 
ber of stores that belong to the federal gov= 
cernment’s supplemental nutrition program, 
for women and young children called WIC, 
Not every grocer that wants to can join WIC 
because of limited state resources to cer 
tify and monitor the stores. Those that do 
belong benefit from a guaranteed customer 
base. “We found that [participation in] WIC 
was the overriding determinant in whether a 
store had fresh fuits and vegetables, low-fat 
milk, fand] whole grains.” says Ann Ferri 
‘who directs the University of Connecticut's 
Center for Public Health and Health Policy 
in East Hartford, She has a paper coming out 
that backs this up. 

‘To sell more healthy foods in Philadel 
phia, The Food Trust and its collaborators 
also rely on strategies used with great suc- 
cess to move junk food off store shelves. “If 
{you put all the low-sodium goods together 
and put marketing around it and make it ike 
a flashing beacon around the store, you'll 
attract attentiog,” says Brianna Sandoval 
‘who is overseeing the corner store initiative, 

‘With colleagues at nearby Temple Uni- 
versity and the University of Pennsylva- 
nia, The Food Trust is testing this approach 
in eight large grocery stores, most af them. 
in Philadelphia, Four of the stores serve as 
controls, while in four others the research- 
rs altered product displays in an effort to 
encourage healthier purchases. “I's a stealth 
intervention,” says Gary Foster, who's help- 


Selling the good. Researchers and others are 
fexparimenting with marketing strategies to sell 
produce andatherhealthy foods, and tee patrons 
from unhealthy choices. 


lea the study and directs the Center for 
Obesity Research and Education at Tem- 
ple. “Where the whole mil used to be, the 
skim is” More boxes of Cheerios are visible, 

‘with more low-calorie soda; healthier 
frozen meals are at eye level. Stil, Foster 
concedes that the approach is unlikely to 
radically change shopping habits. “Io the 

e of things, i'sa pretty weak imerve 
the says. But because it costs stores li 
Ue, i's also sustainable. 

AAs this store-by-store research pro- 
‘eresses, there ate glimmers that changing 
eating habits, a least litle is doable. Inter 
ventions in San Diego, Baltimore, Philad 
phia, and beyond suggest that customers 
can be coaxed into buying healthier foods 
But even if this works on a grander seale, 
across urban and rural areas—and no one 
knows yeti it will can such changes make 
‘meaningful dent in obesity? “There's an 
assumption built in here that nobody ever 
articulates,” says Kelly Brownell, director 
of the Rudd Center for Foad Policy & Obs 
sity at Yale University, The assumption is 
that healthy foods sit on one end ofa seesan, 
\with unhealthy foods onthe ether—and thus 
that eating more broccoli and Greek yogurt 
means ingesting fewer MeDonald’s ham- 
burgers or bites of soda, There's no evidence 
to support this, however, he says. 

Brownell, whose favored strategy is 
making it more difficult to find and afford 
unhealthy foods, stil believes that access to 
healthy food matters, More fruits and veg. 
tables reduce eaneer and heart attacks, and 
communities deserve food choice. “fT didn’t 
study obesity, but I studied cancer or heart 
disease, Pd be very happy about” these proj- 
ext, he says. "But we can’tnecessarily expect 
[thet] to help the nation’s obesity problet.” 

“JENNIFER COUZIN-FRANKEL 
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Uncertain Verdict as Vitamin D 


Goes On Trial 


Boosting levels of vitamin D with supplements has been touted to prevent diseases, but 
‘many scientists say only clinical trials now in the works can confirm such hopes 


IW 1848, DOCTORS AT THE HOSPITAL FOR 
Consumption and Diseases of the Chest in 
London undertook one of the world’s first 
clinical trials. More than 1000 patients with 
tuberculosis (TB) were either just cared for, 
as noeffective treatment was known, of were 
also given a spoonful of cod-liver oil three 
times a day. Nineteen percent of patients on 
codl-lver oil deteriorated or died, compared 
10 33% in the control group, 

Before antibiotics became available in 
the mid-20th century, many TB patients were 
also sent fo sunatoriums in Switzerland oF 


‘other countries. Lying in their beds, they were 
Wheeled out into the sun for phototherapy 
Looking back, says Adrian 

Martineau, an immunolo- 
gist al Barts and The London 
‘School of Medicine and Den- 
tistry in London, the two experimental t 
apics had something in common: vitamin D, 
Which wasn't discovered until 1922. 


Unlike other vitamins, the human body 
produces most ofits vitamin D itsel—with 
the help of sunshine, In the skin, a precur- 
sor molecule called 7-dehydrocholesterol is 
‘ured ino vitamin D, by UV light Ninety 
percent of vitamin D circulating in the human 
body is produced that way. Only 10% comes 
fiom food, inthe United States and Canada 
‘mostly from milk, which is fortified with the 
Vitamin in those counties. tis also naturally 
abundant in some foods including fatty fish, 
and cod-liver ol, 


sun-dried mushrooms 


Martineau has studied the connection 
between TB and vitamin D for years and bas 
Ipecome convinced that the compound ean not 
only help treat TE but also prevent it He is 
part of a vocal camp of scientists who praise 
the powers of vitamin D and see it as some- 
thing of a cure-all—or rather a preventall. 
Inaddition o its well-established benefits for 
bone health, they say vitamin D may—with 
litle oF no side effects—be able to ward off 
colds and other infections and cut the risk of 
asthma, diabetes, ance, hes 
slew of other chronic diseases 
Some ofthese scientist, such as Michael 
Holick, an endocrinologist at Boston Univer- 
sity School of Medicine and 


disease, and a 


fuse vidoonvnnind. a veteran of vitamin D sul 
wwuscimaghitamin vid 


‘advocate fortifying mos 
Foods with the vitamin and 
advising people to take supplements aad 
‘more sun exposure. “Even iFonly one ofthese 


diseases turns out to be prevented by vitamin 
D, itis worth ihe says, The public certainly 
seems fo buy that argument. In the United 
States, sales of vitamin D supplements have 
increased from $50 million in 2005 to $600 
nillion in 2011, aecording to the Nutrition 
Business Journal. Ninety years afler it was 
Aiscovered, vitamin D seemsto be enjoying its 
moment inthe sun. 


But other researchers warn that the ben- 


efits of vitamin D ate far from proven. They 
also caution that ts widespread use asa sup- 
plement could do more harm than good, as 


‘Ounce of prventio. Coder oil has been givan 
as pravontative mein fr decades (ef, British 
chidrenin 123 are presumably geting thelr spoon 
ful. Now siensts are amassing tens of thousands 
of voluntoers to test the preventive power of ane of 
itsingredints: vitamin. 


trials of other vitamins have shown. Even. 
aabeliever like Julian Peto, an epidemiolo- 


‘Tropical Medicine, cautions 
to be very certain. Mass medication is not 
something you embark on lightly” He adds: 
“What we know comes mainly from obser 
vational studies” 

In the next few years, howe 
standing vitamin D debate may finally be put 
to rest, In a number of lage elinical tials, 
tens of thousands of people around the world 
will take a supplement or placebo pills in an 
effort pin down the health benefits of the 
sunshine vitamin, 


the long- 


Abou of evidence 
‘Vitamin D as first recognized for its role in 
bone health, Ithelps the body absorb calcium, 
and children who do not get enough of it ean 
develop rickets, a hone-softening disease. But 
low vitamin D levels have also bees impli- 
cated in infectious diseases, For instance, 
patients with TB tend to have lower vitamin D 
levels, and Martineau points to studies show- 
ing thatthe compound helps immune cells 
called macrophages kill the mycobacterium 
responsible for TB, as well as suppress the 
secretion of enzymes the pathogen uses to 
degrade lung issue 
Tn 2010, a randomized trial in 334 Jap- 
anese schoolchildren found that those tak 
ing vitamin D supplements were less likely 
to suffer from an influenza infection. And 
in August, seientists from Harvard Medical 
‘School in Boston reported in Pediatrics that 
Mongolian schoolchildren whose mill was 
forfified with vitamin D had half the risk of 
catching a cold compared to those drink- 
ing unforttied milk. Itis perfectly plausible 
that lower vitamin D levels in winter right 
jason colds predorninately circulate 
Peto says 
Proponents of the sunshine vitamin have 
also amassed a variety of data suggesting it 
‘wards off asthma, diabetes, stroke, multiple 
sclerosis, and cognitive decline. And a body 


of evidence indicates vitamin D could cut 
the risk of cancer and cardiovascular dis 


ease dramatically, they argue. For coloree- § 


tal and breast cancer alone, rising vitamin 
D levels on a population level could pre- 
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vent more than 100,000 
cases each year and cut 
deaths frorn these diseases 
by three-fourths in the 
United States and Canada, 
8 paper published ia the 
Annals of Epidemiology 
in 2009 calculated. 

One comprehensive 
review of the vitamin D 
literature, a meta-analysis 
published in 2011 by the 
Cochrane Collaboration, 
concluded that vitamin D, 
supplementation (but not 
other forms of the vita- 
min) reduced overall mot 
tality by about 6Y% among 
the more thas 90,000 peo- 
ple inthe S0 studies exam- 
ined. "That is not overwhelming, but itis 
borderline significant,” says Robert Scragy, 
8 vitamin D researcher atthe University of 
‘Auckland in New Zealand, 

Many vitamin D enthusiasts point to 
evolution to bolster their ease, Dark skin 
protects skin cells from UV damage, but it 
also reduces the amount of vitamin D that is 
produced; African-Amerieans in the United 
States generally have lower levels of vita- 
‘min D in the blood than the rest ofthe popu- 
lation, “The strongest single bit af evidence 
[that more vitamin D is good fora person] is 
that humans turned white when they moved 
north.” Peto says. “That suggests low vita 
min D levels must have had [a negative] 
effect on survival.” 


Vital sunshi 


sme veteran vitain researchers 
caution tat other vitamins have been inked 
tora broad ringe of health benefit, only to 
have the evidence crumble upon closer 
exarnination. In the 1990s, for example, 
observational studies suggested that anion 
idants such as beta carotene (a precursor af 
‘item A) could shield the body Fam the 
cancer-causing compounds in bacco and 
other harmful substances. But in 1994, 0 
prospective clinical ral with nearly 30,000 
Smokers in Finland concluded that those 
‘who had taken beta carotene supplements 
were actually 18% more likely to develop 
Ing cancer and 8% more likely to die du 
ing the tial, Two years later, US. study 
examining vitamin A supplements in sok- 
rs and asbestos workers was stopped early 
because there were 28% more lung cancers 
B and 17% more dens in the group receiving 
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UV rays stk 
ing the skin convert the mol- 
cule 7-debydrocholesteral to 
fan inactive frm of vitarin 
Iviethen converted fst inthe 
liver and then the kidneys to 
1,26-dihydroxyvtamin D, the 
active form of the vitamin, 


vitamia A than among the untreated. 

‘Another antioxidant, vitamin E, was also 
touted asacancerkiller Butin2008, acancer- 
prevention trial evaluating vitamin E and sele- 
nium supplementation was stopped because 
participants taking vitamin E had become 
‘more likely to get prostate cancer. The isk dif- 
ference then was not statistically significant, 
bout follow-up data published late last year 
showed a significant increase of 17% com- 
pared with the contol group. 

‘Some predict that history is about to 
repeat itself, “I think vitamin D is going 
the way of these other treatments,” says 
Andrew Grey, a researcher atthe University 
‘of Auckland, Low levels of vitamin D rxight 
simply be a marker of ba be 
the cause oft, he suggest: " 
the levels are lower in patients who are 
sicker, but that could be because they exer 
cise less and do not go outside so much, 
Another confounding factor: Vitamin D is 
fat-soluble, so obese patients also tend to 
have lower levels of circulating vitamin D. 

JoAnn Manson, an endocrinologist at 
Harvard Medical School, agrees that once 
‘again enthusiasm for a vitamin is outpac- 
ing the evidence: “There are many reasons 
that low vitamin D levels might be linked to 
these chronic diseases, Correlation does not 
prove causation” 

Other groups reviewing vitamin D data 
haven't been as impressed as the Cochrane 
group. After sifting through hundreds of 
studies, a panel convened by the Institute 
‘of Medicine (IOM) concluded in 2010 that 
vitamin D was important for bone health, 
‘but that evidence did not support other ben 
efits from vitamin D intake. 
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Difficult dosing 

Tackling another contentious 
issue at the heart of the vitarsin 
D debate, the IOM report also 
recommended an adequate blood 
level of the vitamin: 50 amol/. 
‘Some people with malabsorp- 
tion may need higher levels, 
‘but for the healthy population 
50 amol per liter is certainly 
enough,” says Clifford Rosen, 
4a bone-heallh expert at Maine 
Medical Center Research Insti- 
‘ute in Searborough, who was on 
the panel. The report also pointed 
‘out that most people in the United 
States reach that level through 
diet and sun exposure alone, 

‘The strong vitamin D pro- 
ponents, as well as other scien- 
tists, say the IOM threshold is too low and 
hark back to prehistoric times to make their 
point. They argue that as humans started 
Wearing clothes, developed sunscreens, 
and began spending many hours indoors, 
they cut themselves off from the level of 
vitamin D they used to have. Duteh st 
centists published a study earlier this year 
‘examining vitamin D levels in two tribes 
in Tanzania. Living close to the equator, 
following a hunter-gatherer-like lifestyle, 
and not using sunscreen, the Maasai and 
Hazabe peoples had a mean serum con- 
‘centration of 115 nmol. “That is probably 
where we all should be,” says Holick, who 
takes supplement pills to keep his vitamin 
D level between 100 and 150 nmol perlite 

Others don’t aim as high, at least for keep- 
ing the skeleton strong—the best studied 
aspect of vitamin D prevention science. “To 
ensure good bone health in everyone, you 
red to aim fora level of 75 mol perlite, 
says Michael Amling ofthe University Medi- 
‘eal Center Hamburg-Eppendorf in Germany. 

In a 2010 paper, Amling examined the 
bones and vitamin D levels of 675 people 
who had died in ear accidents or of other 
unnatural causes. Seven of 82 people with a 
level above 50 nmol/l had weak: bones. “That 
means almost 10% ofthe people with a serum 
level above this threshold have weak bones,” 
Amling says. 

[But the IOM panel, which had set itself 
the goal of allowing ao more than 2.5% of 
the population to be at risk of brittle bones, 
used a different number: I divided the seven 
bodies with high vitamin D but low bone 
health by the total number of bodies: 675. 
“That was a grave mathematical mistake,” 
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Amling says 

‘Rosen urns that having higher blood ley- 
cls of vitamin D could be harmful, “Tean etu- 
ally live with 75 nmol perlite, but above that 
tam litle concerned” he says 

He and others cite a 2010 Australian 
study in which women aged 70 years or 
older were given a megadose of $00,000 
international units (Us) once a year. Vita- 
‘min D levels in their blood shot up to an 
average of 120 nmol/l, but these partiey 
pants also fell and fractured their bones 
‘more often than those ithe placebo group, 
the scientists reported, 

Proponents of vitamin D argue that such 
‘a megadose is unphysiological and that the 
study is a special case that should not be 
‘weighed too heavily in any rsk-benett anal 


Proving prevention 
With the intent of resolving the usefulness of 
Vitumin D, several investigators are launching 
large-scale trials to examine the benefits of 
Vitamin Din a numberof chronic diseases. 

the VITAL study Harvard's Manson leads, for 
‘example, 20,000 healthy people in the United 
States will receive either 2000 1Us of vitamin 
D a day or a placebo for 5 years. That should 
‘be enough to raise blood levels of vitamin D 
{to 75 nmol/l or more in nearly all participants, 
she says. The tal wll ook at health outcomes 
as diverse as stoke, diabetes, cardiovascular 
disease, and cancer. The first participants are 
already taking their pills, and the last ones 
should be recruited by the end of the year, 
Manson says. Similar studies are starting 
in Finland, New Zealand, and Switzerland; 


the volunteers will be mailed 400 pills ence a 
year. I many people forget to take thee pills 
that would make tharder to detect difference 
‘between the treatment and contrl groups, 
‘There is another respect in which the 
sin D wals differ from most other random- 
ized clinical trials: Normally, the placebo 
group receives none of the compound being 
investigated, but participants in the placebo 
group ofa vitamin D trial wil still produce 
the vitamin in their skin and consume it with, 
their food. That narrows the gap between the 
‘wo groups. In addition, in all the ongoing, 
tials, participants will be allowed to take 
ow-dosed vitamin D supplements if they 
were already taking them. Holick sees that 
as a fatal lay in the VITAL study and oth- 
cers: “They are essentially comparing 800 IUs 
‘a day with 2000 TUs.” The trial 


et should have given the teat- 
tment group 4000-10 supple- 
NAME PLACE PARTICIPANTS Dose mamoureomes _cunsenrsrae BUTE, ments o see a clear dferenoe 
aos my BIO; daly ange Tacuimenio 207 group, he argues, But Manson 
ene, SGN GGrdnselrdessse fnsnands 212 Se ed au nein 
seer ‘both groups are allowed to take 
FAD Friend 00 "SIOIUD; daly or Caneo, Tcninem a Fes ine aitctenas 
meno, SONUUréaly”Gardevascolarcsease, sarin sprog, suppleme Deca 
ae Saber Bennet Fetiins 2000 TU” she sys 
‘ear avun The double-blind Fin 
VOR WewZeaand S00; Toon Tce 207 ish study, which will startin 
arth fosh aye 4 few months, wil divide par- 
TOWeath—Gtarpean —ZIGL70> AUD, daly Ineeions Fractures, Racing 207 SO00 teat will ube ctiee 
let ae ee 1600-IU vitamin D suppl 
‘exten ancien tment daily, 3200 TUs, oa pla- 
eho. And in the study in New 
WAL Taam — aay —CoaReyantaias —Parnadayear — aa sland, which in 2017 could 
fesse tudy mains he the frst to report results 
getempsiens oe0e- participants wil take 100,000 


ysis. Rosen disagrees: “There is very litle 
randomized clinical wil data that gets up to 
these levels and there is just no evidence that, 
it actually protects against skeletal problems 
corather diseases.” 

Interjecting another note of caution, 
‘paper published in the American Jou 
nal of Cardiology in January 2012 showed 
that vitamin D inthe blood reduces inflam= 
mation, measured by a protein called 
C-reactive protein (CRP}—until the vita- 
min’s level reaches 50 nmol/l. Above that 
turk, the relationship reverses and more 
vitamin D increases CRP levels again. The 
authors concluded that supplementation 
with vitanin D to reduce inflammation may 
be beneficial only in those with low serum 
concentrations ofthe vitamin, 


another one inthe United Kingdom is in the 
pipeline (see table). 

Such prevention trials are challenging — 
al may not ultimately satisty everyone. They 
must have large numbers of subjects and run 
fora long time, because enough participants 
need to develop a disease to see a difference 
between the two groups. That makes them 
very costly; the VITAL study, funded by the 
US, National Institutes of Health, will cost 
bout $30 million, Compliance isalsoan issue, 
‘because healthy people taking part ina trial of 
Vitamin D may be more ikely to forget to take 
the pills than sick patients in a deug tral — 
especially because there is no doctor admin- 
istering the treatment ina clinic. Inthe VITAL 
‘study, participants will receive ther pills in 
the mail oneea month; in the Finnish study, 


TUsora placebo once a month, 
Even these large studies may 
not be definitive enough on their ov to sete 
the vitamin D issue, says Seragg, who heads 
the New Zealand study. He cites recent evi- 
dence suggesting that vitamin D may only be 
beneficial in those with lw initial levels ofthe 
vitamin. That means proof of the effective 
ness of supplementation may only come from. 
pooling the various studies, he says: “Then. 
Yyou could segment people into various 
ages based on baseline levels and see 
effect a 0” 

Until those data are in, and maybe even 
afterward, scientists will likely keep on arg 
ing. Rosen says. Evidence does not matter 
to:many people when it comes to vitamin D, 
hhe maintains: “Iisa religion, People really 
believe this stulT works.” 

“KAI KUPFERSCHMIDT 
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Chronic Disease Vaccines Need 


Shot in the Arm 


‘Whether vaccines to prevent obesity, asthma, smoking-related illnesses, and other 
chronic diseases will ever work remains an apen question 


IN JULY, GLOBAL HEADLINES PROCLAIMED 
‘hata “flab jab was imminent, an obesity wa- 
cine that would allow consumption of endless 
fast and fay Foods without punishing weight 
tain, The proof: Mice that were injected with 
8 vaceine targeting the hormone somatostatin 
gorged on a high-fat diet with significantly 
Tess weight gain than those given a sham 
injection “Thousands of people contacted us 
volunteering fr clinical tials. Everyone from 
mothers wanting to lose baby fat to weight 
lifters in Germany,” says vaccinologist Keith 
Hafler of small, South Dakota-based Braasch 
Biotech, who led the rodent study. 

With funding interest from several South 
American companies, Braasch Biotech 
does plan to begin huntan clinical trials of 
ts somatostatin yaceine late in 2013, Hold 
the extra cheese on that lage sausage pizza, 
however. IU difficult enough to develop and 
obtain approval for a traditional vaccine 
against a bacterium or viru, let alone create 
‘one that rouses the immune system to target 
molecules that drive a chronic disease such as 
obesity. Indeed, potential vaccines for hyper- 
tension, asthma, Alzheimer’s disease, obesity, 
and smoking (because its a risk factor for 
heart disease, cancer, stroke, and more) have 
all been byped for their promise in recent 
years and then suffered high-profile failures 

In 2002, forexample,a vaccine that raised 
snuhodies othe f-amyloid protein that aceu- 
rmulates in the brains of people with Alzheim- 


B er disease suffered a seary setback when 
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(6% (18 of 298) of the clinica trial subjects 
receiving the ANI792 vaccine developed a 
severe brain inflammation. And Nabi Bio- 
‘pharmaceutical’: nicotine vaccine, designed 
to suck the high out of smoking, failed in a 
Phase IL tral last year. Switzerland-based. 
Cytos Biotechnology also attempted vaccines 
for smoking, as well as hypertension and type 
2 diabetes, and though its researchers made 
progress the company ran out of funding in 
2011 and abandoned most of those efforts, 
‘Vaccine developers also face a“paychoso- 


cial” problem, says Kim Janda a chemist at 
the Scripps Research Institute in San Diego, 
California, who has worked on vaccines for 


‘Mite-y vaccine, Duet mites such as Dermatophagoidesfarinas 
{pictured} area tigger of alegies and asthma, prompting sfots 


to immunize people against one af their pratains. 
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obesity, smoking, and addietive drugs for 
the past 30 years. “In lange part, society sill 
views addiction or even obesity as a moral 
failure rather than chron disease” I's dif 
ficult wo persuade drug companies and th 
‘general population to invest in treating some- 
thing they view as a failure of willpower with 
an intervention like a vaceine, Janda says, 

But he isnt giving up and neither are oth- 
ers “Ifyou ean finda target that isthe under 
lying cause” ofan illness, Janda says, “then 
you can develop a vaceine for its treatment.” 
‘There are now a numberof vaceines in cini- 
cal trials for cancer, which is considered a 
chronic disease, Janda says, so why not ones 
for obesity, diabetes, and drug abuse’ 

“We know why we failed previously and 
that there re clear pathways in front of us, 
adds Martin Bachmann, an immunologs 
formerly with Cytos Biotechnology. He says 
that poor antibody responses and lack of 
specificity eritical Naws for a vaccine —are 
problems that companies are now addressing 
by using Full-Length proteins, rather than pep- 
tides, and experimenting with virustike par- 
ticles that yield a higher and more consistent 
antibody response, 


Mite-y vaccine 
‘Vaccines were originally developed to com- 
bat microbial pathogens such as the small- 
ox virus and the tuberculosis bacterium; 
people are traditionally injected with live or 
dead copies ofa pathogenic mierobe, oF with 
its molecular eomponents—a viral surface 
protein, for example—to rally the immu 
system to produce antibodies or cells that 
specifically target the invader for destruction. 
Yet vaccines may be able to do more than 
prevent infections. Consider asthma, the tang 
‘of one vaccine effort. Workdwidk 
‘moe than 300 million people sul 
fer from asthma, often sparked 
by a violent immune response to 
‘common environmental allergens. 
(Current treatments include corti- 
costeroids, which reduce inflam 
‘mation but have side effects, and 
‘a procedure called desensitization 
in which asthma/allergy patients 
are given increasing doses of an 
allergen cocktail But the success 
‘of desensitization varies from per- 
son to person and occasionally 
‘causes life-threatening reaction 
anaphylaxis, 
‘A team led by Bruno Pitard at 
the University of Nantes in France 
is now tackling asthma with a 
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variation on the traditional vaecine. Pitard’s 
strategy stems from the observation that SO% 
of Europeans with allergies harbor antibodies 
taguinst the Der [1 protein from Dermatopha- 
goides farinae, one of the most common 
‘dust mites in the United States and Europe, 
[But instead of immunizing with actual Der £ 
| proteins from this mite, which can tigger 
an allergic response in people with asthma, 
Pitard and his colleagues are test- 
ing a vaccine composed of DNA. 
coding for the protein, with the idea 
that it would train the immune sys 
tem to tolerate it 

‘When naked DNA is injected 
into the body, however, itis rap- 
idly degraded before it can express 
the antigen it encodes, That prob- 
Jens has Frustrated many develop- 
ing naked DNA vaccines, so Pitard 
ig now treating his Der f 1 DNA. 
\ith so-called teafunetional block 
copolymers, which, as his team dis 
covered in 2009, encourage gene 
delivery into the skeletal mus- 
ele, where the protein ean then be 
‘manufactured, The team recently 
immunized mice using this modi 
fied vaccine, and those mice had a 
fivefold reduction in their asthmatic 
reaction, Pitard says. Lung tissue 
and bronchioles carried far fewer 
inflammatory cells and eytokines 
than in astmatie mice vaceinated with a pla 
cebo, Despite that encouraging data, it wall be 
atleast 5 years before a clinical tril of the 
asthma yaceine begins, Pitard predicts 

‘Most candidate vaccines for ehronie dis- 
ceases don't target microbial molecules but 
proteins made by the human body. Take the 
strategy behind the original Alzheimer’s dis 
ease vaccine, which sought to activate the 
‘immune system against fl amyloid. Because 
ofthe dangerous brain inflammation that fl 
owed, companies have largely turned to a 
so-called passive immunization, an approach. 
in which they create antibodies targeting 
amyloid outside the body, then inject them 
(Science, 17 August, p. 790). But several 
companies are stil studying yaceines against 
different forms of B amyloid, which they 
hope will not produce the same side effects. 

The various obesity vaccines also go 
after natural human proteins. Somatostatin, 
1 small peptide hormone produced in the 
hypothalamus, inhibits growth hormone and. 
insulin-like growth factor, which increase 
‘metabolism, The interest in a somatostatin 
‘vaecine for hurnans began when Hafler was 
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Vaccine 


chemically link multiple copies of 
nicotine. The sult: conjugate vaccine that tiggors strong 
antibody production. 


searching for another use for Braasch Bio- 
twch’s vaccine Somatovac, which they found 
was a promising way to boost milk produc- 
tion in cows and lean meat production in 
pigs without using bovine growth hormone 
‘oF antibiotics, He realized that Somatovac 
‘might also promote leanness in humans and 
therefore ight obesity. 

Haffer sent to different versions of the 


cipe, First produce a virusike particle, then 
antigen, such as 


Somatostatin vaccine to Jackson Laboratory 
in Bar Harbor, Maine, where researchers 
there tested them on mice that had previously 
‘bulked up from consuming a high-fat dit for 
8 weeks. Neither vaccine made the already- 
plump rodents lose weight, but they gained 
10% less weight than control rodents, even 
though all the animals ate the same quan- 
tity of high-fat food during the 6-week study, 
Hafler reported in July in the Journal of 
Animal Science and Biotechnology. 

‘The concept of creating vaceines for dis- 
ceases like obesity isnt outlandish, but choos- 
ing the target is tricky, says George Jackson 
‘of the University of Texas Medical Branch in 
Galveston, a neuroscientist who is working 
‘on a next-generation vaccine for Alzheimer’ 
disease. With Alzheimer’s he points out, you 
‘could potentially “target Me. Hyde without 
harming Dr. Jekyll” because the eulpeit—a 
rogue form off amyloid appears to have no 
beneficial role. Obesity is different, he says: 
“Somatostatin is doing something bad but 
also something good, A vaccine could cause 
side effects by interfering with that normal 
function.” Immunizing against an endo, 


enous hormone controlling appetite might 
use anorexia or wasting away, for example 
affer isn't the first to dream of en obesity 
vaccine. Janda and others have targeted the 
appette-stimulating hormone ghrelin in their 
altemps to build an abesity vaccine. Back in 
2006, Janda made headlines similar to those 
ved by Hale's work when he and col- 
leagues reported that vaccinating adult male 
rats with a segment af ghrelin protein, or the 
full-length version, slowed weFght gain and 
at buildup in the body but dida’t seem to 
affect appetite, Janda cautioned atthe time 
that the study rats dined on a mundane, low 
fat, low-energy chow. He couldn't predict 
from this study whether the vaccine would 
prevent dic-induced obesity —the kind that 
alficis many people consuming a high-fat 
Western diet or trigger weight loss in ani 
smals that were already obese 

‘Mariana Monteiro, an endocrinologist 
at the University of Porto ia Portugal, pre 
sented more evidence at The Endocrine Soci- 

ys Annual Meeting in June 2011 that an 
anlightelin vaceine could reduce appetite 
promoting brain chemicals in mice. She 
revealed that tethering ghrelin toa vieal pro- 
tein could tigger enough antighrein atibod- 
{es in the rodents to reduce eating, increase 
energy use, and reduce levels of neuropeptide 
‘Y—a potent appetite stimulator. But there 
‘was no overall weightloss at the end of the 
study. Monteiro wrote in October 2011 in 
Expert Review of Vaccines that the under- 
\whelming impact on long-term food intake 
and body weight “might be due to activation 
‘of compensatory mechanisms” 

“nda andhis eam have also explored pas- 
sive immunization: injecting anighrelin anti 
bodies in mice. Ina study published in Feb- 
ruary in Molecular Pharmaceutics, Janda’s 
team showed that a cackail of three mono- 
clonal antibodies targeting ghrelin could 
cour appetite and inerease energy use, While 
this isnt really a ghrelin yaceine because it 
bypasses the immune system, it similarly 
“protects” the mice from the hormone and 
dullsits role as an appetite stimulant. 

Even with expanding numbers of over- 
‘weight and obese people worldwide, Fanda’s 
resulls so far haven't secured him National 
Institutes of Health funding to further 
develop a ghrelin vaccine. He's skeptical 
himself about tackling obesity this way. 
don't think there is one controlling molecule 
{or metabolism,” he says. “Irs not going to 
bea panacea forall obesity” 

‘Bachmann suspects that ying wo develop 
‘a yaecne for obesity is hopeless. "Ir 
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plicated” he says, “and people love to eat.” 
An obesity vaccine is fighting all the evolu- 
tionary safeguards that encourage nn animal 
to eat and ward off starvation, He’ also not 
convinced that mice area reliable indicator 
ff whether an obesity vaccine will work in 
humans, noting that “every animal has differ- 
ent feeding behavior” 


Nullifying nicotine 
Buchmann remains more optimistic about 
«8 potential nicotine vaccine that could help 
people stop smoking, even though those 
efforts, oo, have stumbled. A nicotine vac- 
cine is subtly different froma —and potentially 
safer than—those targeting obesity-related 
molecules or Alzheimer's disease protein. 
‘The strategy, as with other so-called addiction 
vaccines for heroin anu cocaine, is to create 
enough antiicotine antibodies in the blood 
to diminish the amoust ofthe compound that 
makes it to the brain, in theory making an 
individual cigarette less appealing, Nicotine 
isnt normally in the body, so there arguably 
‘should be less risk of side effects from indue- 
ing antibodies that block it. 

Inthe late 1990s, seientists at Nabi devel 
oped and began testing NieVAX, a traditional 
conjugate vaccine that tethered nicotine, 
Which by itself i so small that it's invisible 
to the immune system, toa readily detected 
bacterial protein. Animal studies were prom 
ising: The vaccine stimulated the production 
of antibodies that bound much ofthe nicotine 
in the blood before i reached the bran, sup- 
pressing the pleasurable nicotine high. 

The initial clinical trials examining 
NicVAX's safety revealed no significant 
concerns, and by late 2007 Nabi announced 
that additional Phase II trials had allowed 
it to zero in on the most effective vaccine 
dose. The company also found that among 
the vaccinated smokers, the antibody 
response correlated closely with the ability 
to quit and remain abstinent. Late last yea, 
however, the happy ending did not material 
ive. Nabi announced that its Phase IT trial 
of NieVAX was a failure: There wasn't a 
significant difference between the percent- 
age of quilters i the NicVAX group andl the 
placebo group. 

Others are also finding an anti-smoking 
vaccine elusive. In 2008, Bachmann and his 
colleagues at Cytos tested their own nico- 
tine vaccine in 341 smokers in a 6-month 
randomized, controlled Phase I! clinical 
trial; 229 were given the vaccine while 112 
receivedthe placebo, administered monthly. 
Afier 2 months, the number of quitters in 


the vaccine group was significantly higher 
than the placebo group, 47% versus 354s, 

But after 6 months, the difference 
between the wo groups was negligible, A. 
closer look at the data offered some hope 
‘The “high responders” the people who pro- 
duced the highest levels of antinicotine anti- 
body in response to the vaceine, enjoyed 
the greatest success. OF the high respond 
ers, 57% had abstained from smoking after 
6 months, compared with 31% of the pla 
ceebo group. At year, the numbers dropped 
to 41% and 21%, respectively, which Bach- 
‘mana calls “statistically and elinicaly sig- 
nificant.” “Only one-third ofthe patients had 
a high antibody response.” he says. “If we 
could improve that by a factor of 3, then we 
‘might have a product” 

‘Vaccine development is an expensive 
‘game, however, and Cytos 
ran out af money a year 
‘ago. Bachmann has since 
launched two companies, 
Areba and Saiba, which 
focus om vaccines foe Par- 
kinson’s disease, malaria, 
and Alzheimer's disease 
“T don't have the money 
to do smoking,” he says, 
though he is still a“preat 
believer” in the nicotine 


Producing enough 
antibodies to bind to th 


it erasses the blood-brain 
barrier in 6 to 10 sec- 
fonds isa formidable hur- 
dle. One radical strategy 
to meet that challenge 
described on 27 June in 
Science Translational 
Medicine, is more akin to 
‘gene therapy than a vac- 
tine, Janda and collabora 
tor Ronald Crystal, a pul 
monologist and genetic 
‘medicine expert at Weill 
Cornell Medical College 
in New York City, injected 
‘mice with a virus that a= 
els to the liver, earrying 
the gene for a monoclonal antibody with a 
high alfinity for nicotine. Ther, infected cells 
release antnicotine antibodies into the blood. 
‘When you give nicotine to mice, they 
chill out like people,” Crystal says, Theie 
blood pressure and heart rate drop by alznost 


type 2 diab 


pidemic. A vaccine that 
‘Weight gain would have a 
flomine effect on other chronic condi 
tions such as coronary heart disease, 

ad high blond pressure, 
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half within 25 minutes. Mice that received 
the team's “vaceine” were unaffected when 
later given nicotine, ruaning around with 
rho change in blood pressure or heart rate 
When Crystal's tears analyzed the animals" 
blood samples, they found that 83% of nivo- 
tine inthe serum was bound to the antibod- 
jes made by th inserted gene, preventing it 
from reaching the brain and triggering the 
dopamine reward system. Inthe brain, nico- 
tine concentrations were just 15% ofthat in 
untreated control animals 

“Ivs a second-generation vaccine for 
addictive molecules. It's more elegant. It 
produces more antibody.” Crystal says, add- 
ing thatthe virus earrying the monoclonal 
antibody gene is currently being tested in 
another gene therapy clinical trial, so he’s 
‘confident ofits safety record. 

A nicotine vaccine 
interests Big Pharma, 
Janda notes, “because 
there's money in it.” 
Smoking causes about 
fone in five deaths in the 
United States each year, 
is responsible for 90% 
of lung cancer in men 
and 80% in women, and 
boosts the risk of stoke 
and heart disease two- 
{ld to fourfold. 

Pharmaceutical 
companies may indeed 
see a big market for a 
nicotine vaccine, but 
they're not sure anyon 
can delivera sae, effe 

ve product. “Novas 
tis has made some con- 
tracts with biotech 
companies ta develop 
antismoking vaceines.” 
says Rino Rappuoli, 
slobal head of vaccines 
research for Novart 
Vaccines and Diagnos- 
ties in Siena, Italy, “but 
there has not been much 
progress. Big compa- 
nies rely on biotechs to 
dderisk the sector.” As 
the stumbling efforts to 
immunize people from Alzheimer's, obe- 
sity, and smoking attest, however, develop- 
ing Vaccines for chronic diseases remains a 
risky proposition. 


-BUIAL TRIVEDI 
‘ja! Trivedi is a feolance wrtarin Washington, 0. 


wowseiencemag.org SCIENCE VOL337 21 SEPTEMBER 2012 


‘Publied by AAAS. 


1481 


Downloaded from www.sciencemag.org on September 21, 2012 


1482 


DISEASE PREVENTION ce] 


rmag.org/special/preventio 


REVIEW 


Can Noncommunicable Diseases Be 
Prevented? Lessons from Studies of 
Populations and Individuals 


‘Majid Ezzati* and Elio Ribolt 


Noncommunicable diseases (NCDs)—mainly cancers, cardiovascular diseases, diabetes, and 
chronic respiratory diseases—are responsible for about two-thirds of deaths worldwide, mosty in 
lon and middle-income countries. There isan urgent need for policies and strategies that prevent 
NCOs by reducing thei major risk factors. Mfective approaches for large-scale NCD prevention 
include comprehensive tobacco and alcohol contol through tates and regulation of sles and 
advertising; reducing dietary salt, unhealthy fats, and sugars through regulation and well-designed 
public education; increasing the consumption of fresh fruits and vegetables, healthy fats, and whole 
‘tains by lowering prices and improving availablity; and implementing a universal, effective and 
equitable primary-care system that ceduces NCD rick factors, including eardiometabaic isk factors and 
Infections that ate precursors to NCDs,thraugh clinical interventions 


‘provements in sanitation, housing, and mu- 
triton, as well as beter treatment, have l= 
red deat rates from infectious dicases such 
fas diamhes, pcumona, and tuberculosis in most 
‘countries This success asin tur increased the 
relative importnee of noncommunicable dis- 
ceases (NCDs)—mainly cancers, caniovaseular 
diseases (CVDs), diabetes, and chronic respira 
tory diseases—as causes of death (/). NCDs 
are now responsible for more than 35 million 
‘annual deaths in the world: more than S0% of 
these dea occur in low- and middle-income 
countries (2). Medical interventions have im 
proved the survival of patients wits bear dis 
fase, srke, breast cancer and yore other NCDs, 
tout otbers like lung cancer still have high case 
fatality: Even when treatment is technically fs- 
sible, timely diagnosis and treatment require 
rmedlal personnel, faites, and medicines that 
are citer lacking or costly, especialy in low- 
and midale-income countries. Therefore, there is 
fan urgent need for policies and steps that 
baelp prevent NCD. These policies and stratevies 
should be guided by an understanding of bow 
‘much, and through wit specific actions. NCDs 
may’ Be prevented or posiponc to older ag. 
Evidence on NCD preventablty comes from 
ta and analyses at to scales individuals and 
populations. Staying individuals helps identi- 
Fy and establish ris factors that causally affect 
ICDs, and hence point a specific tools for d= 
fase prevention, hut provide litle information 
fon how effective cach of these tools may be in 
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alsease prevention a the population level because 
the ater depends on the prevalence of sk factors 
in the population. Comparison of disse rates ac 
ross populitions or over time, especially when 
ddan in relation to isk-faetor eves inthe popu 
lio, indicates by how mach disease may be 
rovented and what the mot important rk facts 
seal the population level Here, we use 

fof a mumber of NCDs ad thei key rk actos to 
rake a cise that we have sufiient knowledge 
from individual and population studs to subs 
‘untally reduce the glotal NCD burden though 
prevention using a relatively small and coher 
set of actions related to major rk factors 


Modifiable Risk Factors and Cancers: 
Prevention of Diseases with a Few 
Dominant Risk Factors 
Following the seminal work of Doll and Peto (3), 
researchers have usd individal- and poption- 
devel daa to examine the exten to which cancers 
cam be prevented and iden interventions and 
strategies for doing so. The cae af ng cancsr 
matically illstates bow iv and popu 
lation stdies have come together to leverage a 
oale risk fctr for efesive prevention of & 
dss with lw suns, We now know Ut bot 
‘Ovi oF hing cancer deaths worldwide ae due to 
smoking (Fig 1) and would be prevented if people 
didnot smoke (4). For men living i instal 
‘zal countries, more of whom have smoked and 
for longer penis, the ropoton of king cancer 
deaths new smoking is even greater over Pi 
The association between tobacco smoking 
and lung cancer was fist noted nearly a century 
ago (5, 6), Subsequent studies, especialy the 
‘work Hill, Dll, nd Peto in the Bish Doctors 
Suady (7, 8), gered more detailed data on 
smoking bev: and disease sts and showed 


that those who smoke fom early adult ages are 
at least 20 times as likely as those who never 
smoke to die of lung cancer the increased rik 
reaches Ufo for heavy smokers who seioke 
about to packs of cigarettes per day (9 
Miroring the high hing cancer rik in indi- 
‘ida smokers, lg canccr det ites vary se 
tanially across popultons and over Hime basod 
‘on smoking hisones, In adult men. lang cancer 
‘death rates incresed for much ofthe 208 cen 
tury and peaked at 170 9 1 per 100,00 (10) 
in 2 few Wester European countries and the 
United States and subsequently in Cent and 
Este European countries ike Hungary (ig, 2A) 
These peaks in hing cancer death rates tacked 
the peak ofthe smoking epidemic witha lag of 
about te decades, In women, hing cancer death 
resin the majority of countries were less than 
10 per 10,000 inthe 1950, virally the same as 
ren and women ia Wester coun who have 
never smoked (//), Women’s lung cancer mor- 
tality bogan to increase toto thre decades fr 
that of men, reflecting the ise in women's smok- 
ing atler World War I, fis in English-speaking 
high-income counts and then in continental Ese 
rope. Ovving to eective tobacco contol and the 
decline in women's smoking, king cancer death 
resin women appear to have peaked in Engst 
-pesking couric, fr example, a ~ 6D pe 100000 
in the late 1990s inthe United States (ig. 2B). 
Te situation is not all good. however, and lung 
sneer morality contest increase ia women 
in Continental Europe- Far example, the lang 


cancer death rate of Danish women, who have 
Smoked longer and more than women in oer 
European countries, is now higher than that of 
American women, 


Fig. 1. Tobacco smoking i the most important 
risk factor for ung cancer and also has harmful 
‘effects on other NCOs 
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Although smoking is clearly the 
dominant mocifiable risk factor for 
lung cancer, in certain popolations 
‘other rik factors play major role 
Peaple exposed to asbestos of 10 
sco hand cigar smoke ae mre 
likely to develop hang cancer than 
those who work and live in leaner 
‘vines fn some ats of Chis, 
‘where coal is commonly uscd for 
‘ooking and heating in poorly yen 
Ine homes, ung emer morality of 
people who hive never smoked 
shout fo $ times as high as tht of 
those in West counties ho have 
‘ever smoked (/2). These examples 
iksrate the important pont that the 
rn toc decase prevention sa 
pis are those tht tke ito account 
the prevent risk fctrs in the target 
Population and by how much edoc- 
ing any combination of these risks 
may lower disease levels, Patiems of 
hang cancer and i sk factors c= 
rs the world and overtime none 
theless demonstrate that stopping 
smoking, and a few environmental 
interventions in specie places, an 
seduce lng cancer to very low levels 
in every population, 

‘Dominant risk factors have also 
boon ientted fora few other cane 
cer types, many in the form of an 
infection. In cach case, these risk 
factors influence the geographical 
pattems and trends ofthese cancers 
fad ca be translated into effective 
Prevention sraesies and programs. 
For example, the discovery that 
Helicobacter pylori (H. pylori. 
bcterium present in Whe gastro 
intestinal tat, is @ isk factor for 
lesions tht are precursors to stomach cancer (13) 
thas gonertd new poses for ts prvention. 
‘About 7S}. of the $70,000 san noneardis 
‘usc cancers in the word ae atbutable 1 H 
‘lor inion (14). Although HL prlort was nat 
‘eto in epidemiological reviews of stomach 
cancer afew decades ago (15,16), srsening tess 
fr the bacterium andl treatment with antbotics 
fare now effective inkrventons for preventing 
stomach cancer (7). Epidemiological studies 
Ihave also established salt consumption, smoking, 
and diets that are low in fis and vegetables as 
risk factors for stomach cancer (16). ln the 
United States, where 1 port prevalence is 
lower than mest other word regions (18, 19), 
thote lifestyle and dictary factors together 
account for about 60% of stomach cancer deaths 
(20) (ooting that dtferent risk factors may be 
jointly responsible for some cases). 

“Although we ean now leverage our knovl- 
edge about H. prior, salt, smoking, and fesh 
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ffuits and vegstables for preventing stomach 
tanccr, the ends in stomach cancer also pro 
vide an exaniple of how prevention may in fact, 
precede and even help with rik factor identi 
tation. Adult death mes from stomach eancsr 
are now close to $ per 100,000 in Canada, the 
United States, and afew other westem countries 
bt reach 20” and 50 among Japanese women 
snd men, respectively; hall a cenury ago they 
‘were a high as 150 to 200 among men in Japan, 
Chile, and Finland. The impressive declines in 
stomach cancer began before the epidemiological 
sues that identified these rs factors. Rec 
tions in salt intake appear to ave played an im 
portant early role in stomach cancer decline at 
Jens in Japan and Finland (5 16,2, 22), Stomach 
Cancer prevention was aio faite though im 
provements in hygine, the living envionment, 
tnd the uptake of refnigeratrs, which reduced the 
‘ced ose salt for preserving food mpeoved the 
Storage of ts nd vegetables, and may ave also 


Fig. 2. Trends in death rates from (A) lung cancer and (B)cardivascular diseases in adults 30 years of age and 
tlder in selected countries wih vial registration and medical cetfiaton of the underlying cause of death. Death 
rates are agestandardized tothe WHO standard population for those aged 30 years and older and smoothed using a 
S-year maving average. Source: WHO database of vital statistics, adjusted for completeness of death registration and 
for validity and comparability of cause-of death assignment. 


seduced infection mates (15, 23)-—ereating an un 
intended success n prevention 

Inn even more extreme example than stom 
ach cancer, virtually all cervical eaners are due 
to infection with human popllomavius (HPV) 
(14, Although sexual behavior and hygiene have 
‘tditionally been major determinant of geograph- 
ical ptems and tends in cervial cancer, these 
cancers ae preventale through early detection 
and tealment of precancerous lesions and, more 
‘ently, yaccnation. However, access 19 regular 
cervical cancer seening. and expecially vacenes, 
is lacking in Joveincome countries and in dis 
advantaged socal groups (24), where the burden 
‘of cervical cancers the highest. As ares ther 
ie a I0fold diffrence in cervical cancer inci 
dence between counres in sub-Saharan Aftica, 
‘where incidence is highest an those inthe Faster 
Mediterancan and Westem Europe, were its 
lowest 25). Preventing cervical cance in counties 
sand communities with limited sources mus 
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srongtheing the primary cae syst, improving 
scces fo preventive care, and sing the evalable 
interventions in such a way dh they reach people 
‘who have fewer health system contacts (2) 

In contrast fo the above cancers that can be 
largely prevented through interventions and ac- 
tions related to one of fe dominant risk fctors 
in most populations, other cancers have more 
dlverse rs factors, For example, the rik factors 
far liver cancer and liver cimbosis include in- 
fection with hepatis B and C vases (HBV and 
HCV); exposure to aflatoxin due to specific food- 
hhundling practices and storage conditions; sleo- 
tol use, especialy binge drinking: and (oe liver 
cancer but not liver chosis) smoking. Each of 
these rik factors increases the risk a disease by 
‘smaller amount compared with those discussed 
cali for lang stomach, and cervical cancers 
‘As. rel the tends and goographical pattems 
of liver cancer and inbosis depend onthe overall 
tikefcte piles and their population-based pre 
‘vention should target locally relevant isk factors 
IBV prevalence ishighes in sub-Saharan Africa 
and in East Asa, where ts responsible fr a large 
proportion of liver cancers: HCV's role is most, 
‘important in sub-Saharan Ais, the Middle East, 
(Central and East Asia, and Easter and Souther 
Europe (4, 27, 28). Among the most effective 
meats of preventing new HBV and HCV inf 
tions are reducing unecessary medical injections, 
providing sterile syringes, anda safe blood sup- 
ply in health eare settings (29), Alcoho's role i 
Targest in Eastern Europe (Box 1), especially 
‘among men, hu thas relatively small ein the 
‘Middle East and South Asi (30) that of tobacco 
is highest in Wester counties, where people, 
‘specially men, have stoked fra long period. 


Modifiable Risk Factors and Cardiovascular 
Diseases: Prevention of Diseases with 
Diverse Risk Factors 

Even mare than liver cancer, CVDs have a lar 
umber of risk factors, each incresing disease 
tisk by a relatively soll amount, For example, 
smokers ae two to thr imes as likely as those 
who have never smoked to die of CVDs, 
compared with 20 times for hing cancer, The 
diversity and the combinations af CVD risk 
factors across individuals and populations erste 
more subtle variations in disease risks and rats 
than forthe cancer risk factors described eal. 
‘This in tum makes it more dial to identity 
their independent roles in disease causation and 
prevention. Yet the evidence ffom studies of 
indvidaals and popalations i by now equally 
compeling that educing a moderate numberof 
risk factors will have large benefits in CVD, 
prevention. Further, given that the burdens of 
major CVDs like ischemic heat disease (IHD) 
and stoke are many times those af most cancers 
and other NCDs, reducing a prevalent rik fuctor 
like high blood pressure can prevent a very large 
umber of disease eases or deaths, even if the 


21 SEPTEMBER 2012 VOL 337 


reduction in risk for each individual person is 
‘odes. The seminal work of Rose lai out the 
foundations of population hase prevention om 
the premise that “a large number of people at a 
small rk may give rise to mare eases of disease 
than a small number who are at igh isk" (3), 

The fst line of evidence that CVDs ean be 
prevented at the population level comes tom, 
their variations across counts and their long 
term trends, which areas impressive as those 
fof cancers. In the 195i, sge-standardized 
CVD death rates among adult men in Finland, 
Australia, and the United States were ~1200 
peer 1041000, compared with less than 600 in 
Greece and 700 in Norway (Fig. 2B)—a range 
that is much larger than that of ang cancer in 


Fig. 2A. The range was narrower but sill el 
atively large for women (Fig. 2B). Over the 
subsequent six decades, CVD morality de- 
clined in most higl-income countries—steadily 
and by about tw-thinls in some ofthe counties 
that ad started withthe highest morality. The 
cline began later, and was slower (including 
pethaps, periods of increase), in seme of the 
‘countries that had low stating mortality like 
(Groove and Norway, and was further delayed in 
‘Central and Easter European countries like 
Hungary. Asa esl, excep in Cental and East 
cm Europe, the ringe of eaniovascular death 
‘nts in coutres with longterm data is now nae 
rower than it had een few decades ago. These 
trends have als changed the ranking of eounres 


Box 1. Hazardous alcohol use a 
‘catastrophe in disease prevention. 


‘cardiovascular diseases in Eastern Europe: A 


‘Alcohol. use a isk facor fo mtpe NCD, njures, and even infectious eases ke tuberculosis 
When ronsumed moderately and regula, thas pretectne eects on CVDs and diabetes (98. On the 
other hand regular heay(rbinge rnking reverses the protection aginst CVD and nceassthe rik 
of vr disease (97,98). Hazardous alcohol use has created one ofthe mast catastopic public heath 
‘phenomena of recent decades in Rusia and some other former Soviet Republics. In these countries, 
hazardous alcohol us, ncluding medicinal and ndusal ethanol the leading cause of ease burden 
among allmjor rk tacos especialy for men (99). Although apart f this burden is duet deaths fom 
‘nares in young ads, the maorty sd to fects on NCDs, especialy cardiovascular deases (20), 
leading to the highest NCD death ates in the world (3). These in aleoholelated NCO meray in 
Rusia was so lage that i led to 2 rein total modality LOD, a situation that i rare outside of 
pierce although the cle ofthe problem unique in Eastern Europe, deprived and marginaled 
social groups in mat places are affected by harmful alahol use. 


‘This fallure of disease prevention has deep social and policy rats. Gorbacher-era polices had 
helped lower alchol consumption, leading ta lower mortality. Disintegration of the frmer Soviet 
‘Union was followed by 2 colapse of the social support and welfare systems anda isin unemployment, 
deprivation, and tes. Alcohol contrel policies werealso abandoned. Possibly the single most effective 
teal for NCD prevention in these countries and socal araupss contro of harmful alcoho consumption 
through soil programs, axes, and regulation, 
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in tenns of dir cardiovascular morality: Finnish 
and Norwegian women nov have neatly ident 
‘al morality wit the dflerence among men r= 
‘luce to 100 per 100,000 (compared with more 
than $00 inthe 19505). The decline in Australi, 
‘hich stared off with one of the highest mor- 
tality Ives, his oupaced the United Stes and 
‘most ether counties since the 19805 as a result, 
‘Austalia now has, together with France and 
“Tapan, some ofthe lovest levels of eardiowascu 
lar morality ever reconded. There are less data on 
EVD trends in low and midl-income counties 
“The avilable dita nonetheless indicate that rl 
tively soon afer the decline in infectious diseases, 
CVD morality also declines even in low and 
middle-income countries (32-34) 

What do these diferences in CVD mortality 
level and tends. especially the success of cone 
tres like Australia and Finland, tell us about pre- 
‘vention’ Faster emergency response times se of 
madicnes suchas antplatcet agents, angiotensin 
converting enzyme inhibitors, bet blockers, ane 
Stains afler heart altace or stroke; and medical 
advances such as angioplasty, delteition, and 
thrombolysis have improved the survival af people 
‘witha canovascular event (35) However, the ca 
tributim of postevent eealment to lowering the 
burden of canovasculr diseases i es than 40 to 
‘50% (46, 47} nuh the morality declines largely 
a esl of lower disease occurence itself due 10 
‘ctons related to prevention. 

In pra! to these improvements, cur knowl- 
edge about cardiovascular ride fictors has also 
advanced in studies of individ and popula 
tions (38), providing the foundation for actions 
and interventions tht can cootinue the past soc 
feates and replicate them in other populations 
Ale linial and early epidemiological research 
(G9), studies with detailed measurement of risk 
factors and log fllow-up ike the Framingham 
Heart Stud, estblished elevated blood pressure 
and cholestml, smoking, and exees bod we 
fa some of the most important risk factors for 
(CVD (40-42). These were followed by lager ob- 
servitional stcies in Westem and Asian pope 
‘lations that proved more deals onthe effects 
‘ofthese risk fictrs on CVDs (43-47) for blood, 
pressure and cholesterol, thee is also experi- 
ental evidence from randomized tras (48,49) 
‘These studies showed that the bene of lower: 
ing blood pressure, cholesterol, and body weight, 
‘continue to very ow evel as oa 110 mill 
fr systolic blood pressure (SBP), 38 mmol for 
serum total cholesterol (IC), and 21 ky/m for 
body mass index (BMI) (20,48), [For compar- 
ison, in 1950, systolic blood pressures as high as 
17S mmlg were considered sormal (S0)) Some 
researchers have even argued for abandoning the 
concept of hypertension and focusing om all et 
sible ations to lower blood pressure (51), 

Reducing these rk factors in whole popu 
tions has contributed to past successes in CVD 
‘duction in # number of counties (37), For ex 


sample, high-quality surveillance data show that 
the impressive declines i Finland are de to r= 
ddoctons in blood pressure, cholesterol and sok 
ing, despite the rising BM levels (52). 1n 1980, 
Finnish adults had ane ofthe highest lood prs 
sure and cholesterol levels inthe word: Mean 
SOP of adult Finnish men and women was 143 
anal 138 mmblg (53), respectively; thi seam TC 
was above 6.1 mmol. (54-56, See then, SBP 
in Finland fats decline by about 10 mig and 
TC by about | imal. (38,50 

Yet there is more ta he gained by fut r= 
cing these isk factors atthe population level, 
especially in low- and middle-income counties. 
Blox pressure bas declined in high-income 
‘countries bu has increased in some othe regions 
lover the past ew decades. Asa resi, Blood pres 
sure levels are cumenly highest in couniics in 
(Cental and Eastem Europe and in pars of sab- 
Saharan Affica (58) Cholesterol i sil highest in 
‘Wester countries but has bos inresing in East, 
Asia (56) High blood pressure and cholesterol 
are cach responsible for an estima one-half of 
the global IHD burden, igh BMI for about 20%, 


smaller than the sum of thei individual effect 
because many people ae exposed to muipl sks 
and Bocas sme ofthe eects of BML on caro 
‘vascular dsetses ae mediated through blac pres 
sur and cholesterol, Silay igh blood res 
5s esponsble for nearly two-hinls of stroke bur- 
den worldwide, with the ther tne risk factors 
cach individually responsible for 12 t0 18% 
When overlaps ae taken into account, these 
four risks together account for 7010 80% ofthe 
burden of IHD and stoke (57) Importantly, the 
belie of reducing these key CVD risks not 
only are very large but als can occur relatively 
fst and be fully realized within about § years, 
compared with bout thre dads fr achieving 
the fill benefits of smoking cesation on ling 
cancer and chronic obstructive pulmonary dis 
cease (58, 59, Ths means that actions to reduce 
key CVD risks ean have immediate benefits for 
disease prevention ad also contribute to redoced 
demand and cos of specials treatment. 


Is It Feasible to Reduce Major Risk Factors 
and Prevent NCO? 
dentin risk factors is important but not sue 
ficient for prevention, What is ccd is evidence 
that risk factors can be raced in whole pop- 
tltions and implementing policies and programs 
thar can do so (60). Examples of such population 
bused reductions were prvided above for some 
canoer risk fctos 

The most basic evidence that te feasible to 
prevent and revere the rise of risk factors like 
blood presure, cholestrol, and smoking comes 
fiom the differences in their levele and trends 
ters populations, as stated calier More im- 
portant, evidence has also accumulated that a 
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few feasible ations can achieve rik-factor rk 
tion. Tobacco contol iterventons and policies 
have helped bring smoking prevalence below 

Moin countries such as Ausra and Canada 
(©) The most ffi ations for lowering blood 
‘pressure and cholesterol, with evidence from 
inh and populie-bc suis (22, 61-63), 
include lowering salt itake, replacing saturated 
fats with polyunseuated fats, and clinical mane 
agement of blood pressure and cholesterol with 
shypetesives and tains though the primary 
care system. Diets hig in futs and vegetables 
(64 and inereased physical seit (65) ab i 
ove metabolic risk-actoe profiles but need re 
slemaie assesment of what combination of 
polices and actions can inrease their upake in 
the population, of the sort dave in the Finnish 
carhovascular rsk-redution experience (68) 

In comas with stoking low! presse, and 
cholesterol, reducing or even curbing the rie in 
‘overweight and obesity bas proven particulary 
elificul, BMI has on average ren by as mach 
521025 kalo per decade and is now 30 kein 
‘orhigher in the Pact sland ain some une 
ties nthe Mile East (67), Not ony does high 
BML increwe the risk of carovascular diseases 
aa some cancers it sao the most important 
‘modifiable sk factor for glycemia and dabetes 
nels. Therefore, the worlwide rise in BMI 
thas been accompanied by incresing dibs 
‘melas in most countries (48), with more than 
‘one in fou or five sh some counties in the 
Pacific and inthe Middle East now having die 
‘ts (68). In ihly contol studs of titary 
change, moderate weight lss for up 9 2 years 
ths en observe, but evidenee is aking on the 
cfetvnes of kre and seca pas 
(69). Weight loss also appears tobe mare cii- 
cal than avoiding weight gain, perhaps duc 
specifi physiological responses (70). few oon 
trolled studies have succesfilly shave down oF 
ven revered a ben Hood slaooss, ae hence 
reve diabetes, among people with impaired 
locos tolerance that proces abet, through 
improved dit nd iste and medicines (71, 72) 
However, the evidenes on large-scale prevention 
and management at the popalton level is very 
Tite (73) Pat simply, we noe to ind ways tht 
curb and then revene the musive rie in weight 
tai if we are to prevent pandemic of tabetes 
and 1 continue and replat the CVD decline 


‘The Way Forward in NCD Prevention 
The 2011 United Nations High-Level Mesting 
crcated a window of opportunity far NCDs to 
receive global policy attention, Yet public health 
and health care systems in counties at all stages 
‘of economic development face the nee (0 pri 
‘oriize among numerous polices and programs 
‘elated to prevention and treatment, 10 find fi- 
‘ancl and human resources to implement ther, 
and to demonstrate tht they improve people's 
Ialh, Stengthening and supporting NCD pre- 
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Table 1. Effective approaches for large-scale NCD prevention 


Prevention mechanism ‘Action or policy Evidence of succesful Prevention benefits 

implementation a scale 

imine or Comprehensive tobacco contol, including Multiple high-income Muliple cance) caidiovasclar 
substantially reduce taxes to increase prices; restricting counties and some low- deeates;dlabetes; chronic 
tobacea smoking availabilty and accessibility through and middle-income counties respiratory diseases; some 

‘regulation of sles; wamings; restricting ther NCOs; respiratory 
advertisingimarketing: public smoking infections and tuberculosis 
bans 79) 

Eliminate or Comprehensive alchel control including Some high-income counties and 2 Mulple cancers; cardiovascular 
substantially reduce ‘taxes to increase prices; restricting ‘fen middle-income countries (82) diseases’ ver cchoss and 
harmful alcohol use availabilty and accessibility through other gastrointestinal diseases; 

‘regulation af production and sales; intentional and unintentional 
‘esting advertising marketing: injuries; some infectious 
‘enforcing drinking and driving laws dlseases 

(ao, 81) 

Reduce dietary salt “axes; egulation; well-designed public Finland, the United Kingdom, Japan, __ Stomach cancer; blood pressure 

‘intake to low levels ‘education; perhaps negotiated voluntary and afew other hihvincame with benefits for cardiovascular 
actions by food manufacturers (79,83) counties (22,62, 83}; evidence lsease and kidney disease 
lacking in ow. and midlencame 
countries 

liminate manufactured Ban partially hydrogenated ols 2 few high-income counties Cardiovascular diseases 

trans fate (whole county o individual 
communities) (84, 85) 

Increase tes Improving financial and physical Finland (66); some high-income countries Cardievascular diseases; some 
feuts and vegetables access thraugh price mechanisms but possibly due fo broader changes cancers 
in det (eq, substi), agricultural policies, in availabilty versus speci polices 


and possibly requiring avaiabitiy in 
‘grocery stores; wel designed public 


‘education 
Replace saturated Tarevubsidies; regulation; labeling; perhaps Finland, New Zealand, anda fen Cardiovascular diseases; 
fats with polyunsaturated negotiated voluntary actions by food other high-income counties for ibetes melts 
fats; replace processed manufacturers; well designed public fat replacement (66, 86, 27) 
carbohydrates with education 
whole grains 
Reduce oveveight Design, implement, and evaluate actions and None Cardiovascular diseases; diabetes 
and obesity and strategies for weight managementoss and mellitus; some cancers 


increase physical activity for increasing physical activity at the 
population level (88, 59) 


Provide clesn Develop and deliver clean fuels for cooking Multiple middle-income countries, bt Chronic and infectious respiratory 
fuels for cooking and heating (90, 1) possibly due to economic development diseases ung cancer, cataracts, 
and heating versus spectc polices possibly cardiovascular 

diseases 

Eliminate or Vaccination for infections related to cancers, Universal childhood HBV vaccination in Cervical, vr, stomach, and 
‘substantially reduce induing HPV and HBV'; treatment fr the some countries (92); relatively high bladder cancers; liver 
infections that are risk above plus HCV, H. pylori, schistosomiasis, coverage of cervical cancer screening __cvosis; atheroslrass 
factors fo, or and for bacterial infections like Chagas in many midle- and high-income ‘ardiomyopathies; heumatic, 
predispose to, and Lyme disease and group A streptocaceal counties (28); succesful schistosomiasis valwlar, and other 
fancers and cardiovascular tosis and pharyngitis! Control in some developing counties (3); heart disease; heart failure 
dlveates fewer examples, mainly in high-income 

ountries, for other interventions 

Screen for Implement an equitable and high-quality High-ncome counties with universal Screening, early detection, and 

and treat risk factors primarycare system (94); ensure availablity insurance; also implemented in low- treatment of multiple NCDs and 


for NCOs in primary care of essential, and typically low-<ost, medicines and middle-income countries with focus ther risk factors 
for NCD prevention and early-stage treatment on maternal and child health but has 
been extended to NCD management in 
2 few counties (73) 
Ensure that ll prevention strategies are designed to reach disadvantaged and marginalized communities and social groups 
“ies eps asione dimiesdeperd on hepa aha sanplon Gaga Paae ver repr ey wing), ais ww carey 
Seder noe aan sang peg wih ony Hea dene ah eat se a  ecday pee hal eas he Hk a in 5) 
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‘vention requires a broader notion of prevents 
iy than detecting causes hat ners disease risk 
in individanle—one that incorporates the poten- 
til for large change in whole populations. Our 
Jknowledge trom studying NCDs in individuals 
and populations shows that there are ways to 
achieve the large-scale disease prevention pon 
tial, ein whole counties and communities 
(Table 1 The policies and aetins to change NCD 
risk factors of the kinds specified here nos po 
lial suppor and policy and administrative ins 
tutions that can inte, periodically evaluate and 
as nceded rediet them. However, once imple- 
‘mented, unl treatment (whic often deals with 
single disease), most ofthese actions can prevent 
the occurence of mulkile NCD and can theefre 
Ihave very age hens forthe heh of populsons. 
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PERSPECTIVE 


Preventing Alzheimer's Disease 


Dennis }. Selkoe 


Despite intensive Laboratory and clinial research over three decades, an effective treatment to delay 
‘the onset and progression of Alheimer’s disease isnot at hand. Recent clinial til fares suggest 
that we must eat the disease ear than in its mild to moderate stages, and maja progress in 
Validating presymptomatic biomarkers now makes secandary prevention tals possible. We wil eara 
‘more about the natural histry of the disease and any pata therapeutic respansas from detailed 
analyses of recent tial resus. This proces wil ikely postion the fil for succes, but only with much 
Greater investment inal aspects af Alzheimer research and with careful design of future tials 


1 diagnoses in modem medicine evoke 
‘deeper apprehension in ptint and family 
than Alsheimer’s disease (AD). The impli- 

‘ations of having caiovascular disease ance, or 

‘metabolic disease are ominous, but surveys suse 

set that pooplepaticulaly fear developing AD. 

This is eo because Alzheimer’s robs us of our 

most human qualities reesoning, memy, 

simation, language, emotional conrel—and be- 
cause a disease-modifying treatment remains 
beyond reach. This enormously common neuro 
degenerative disorder affects more than §miion 

‘Americans and well ver 35 milion worldwide, 

‘umber: expected to grow dramatically asthe 

population ages and competing causes of dea 

in Inte life continue to recede (1), The projected 
rate of ise seven greater in the developing world 

than in the high-income countries (2) (Fig 1) 

As with oir slowly progressive diseases, pre 
venting AD depends on understanding early steps 

‘nite pathogens A weldvide scar eft c= 

ing the past quarter century has yelled an increas 

ingly dealed pictre ofthe eytopathologicsl, 
biochemical, and genetic underpiniings ofthe 
disease, including in is presymptomatic phase, 
tnd the panilel development of biomarker and 
neuroimaging modalities [reviewed in (3,4). The 
lassi lsions that Ais Ahcimer cll ttn 

Son toa century ago—eviaceluar amyloid plagucs 

and intrancironal neurofibrillary tangles —were 

shown in the mid-19805 to be composed, espec 
tively ofthe 42-amino acid Bramloid protein 

(AfH2) and the microtubule-aswocited protein 

tau, By the mid 1950s, decreed AGA? levels anc 

increased tau levels in cerebrospinal id (CSF) 

‘were associated with a clinical diagnosis of AD 

(5). Soon, lowered CSF ABA? levels were docu 

rented in older people who appeared to have very 

‘aly AD (sometimes refered to as mid cognitive 

impaiment-amnestic type) oF were sill cogne 

tively normal (6, withthe rise in CSF tau levels 
scoerlly following the AJH2 decline (4). Inthe 
realm of neuroimaging, progressive hippocampal 

‘ear or awe Deas, Bigham and Womens Hos 
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sn cota atrophy were measured with increas 
ing precision before and during the clinical phase 
of AD, and this brain shrinkage was found wo be 
sccompaied by decrsed cerebral metabolism on 
‘yerodeotyslucose positron emission tomography 
(FDG-PET), By 2004, the synthesis ofa blood 
brain burrier penetra diolabeled analog ofthe 
smylod-binding dye dhiotlavin T [Pisa com- 
pound B (PB) enabled researchers to image f- 
beillar aod deposit in vivo by PET (7. Taken 
together the quantifiable markers ofthe evolving 
ddsease process in living human patents, now 
widely replicated in multiple studies (8), provide 
‘critical resource fr validating preventative snd 
therapeutic agents in AD, 


pointing a Predisposition to AD 
A small faction (<196) of all AD cases arises 
during middle age because of inherited missense 
‘mutations in one of thre genes: APP, PENI, or 
PSEN2. The APP gene codes forthe 695-amtino- 
scid-long f-emyloid precursor protcin (APP), 
‘hich has salutary functions during brain devel 
‘opment and in various biological processes in 
sMulthood (2). AD-causing mutations in APP 
aller amino acide within or iameditey Nanking 


A 
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8 


a 
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‘Number af people with dementia (millions) 
8 


Year 


Fig, 1. Projected increases in the numbers of people with de- 
‘enti in high-income counties andin low and midle-income 
counties Figure reproduced, with permission, fram (2) 


Low and mide 


its small 42-rest Af eg 
‘PSEN2 genes ede fortwo homologous (and r= 
luda) namemtrane asp pets, p= 
Sealand presen 2 (10,1?) Therefore all 
‘ofthese AD-cauning mutations ciety acct, 
‘behioehemil reaction that generates AJ? and 
related peptides throughout hi, by alering the 
substate (APP) or the potas hat cleaves this 
subst (.. presen, he eal component 
ys). The fl enerance of he maar 
tions for ey-ose autosomal domi AD and 
the fit that they esl in neuropaholgial, 
biochemical, and cial phenotype lars si 
Snguishable ros typical, se-onst (spor) 
[AD provide strong genic evidence fr the amy 
Io Aptis whic poss tht AD arises 
insubstantial par rom a bron imbalance be 
tween Ap production and AB clearance inthe 
brain. Numerous mis carving APP PSENT, 
or PSEN2 mutations bave boon sted collec 
ively to determine the time course of fd ioe 
‘rather cages, eon cal cal 
‘anges helo the expect onset of AD symp- 
toms, which is bused onthe age of ymptom ose 
stn a parent withthe same maton, 

Ina aalscs ofa faiial AD coho he 
Domina ahr Alek Newok (DUAN) 
suggest that AIH levels in CSF begin to decline 
2s erly as 25 yeas before expect symptom 
mst (72) This allowed bythe appearance of 
Srila ano deposits inthe brain as detest 
by PiB-PET)-inreasd eels of ain CSF and 
ropessive bin atrophy roughly 15 year Be 
for expcied symptom onset (12} Cobra bypo- 
‘metabolism ad sbly impaired episode verbal 
‘memory scm to hein some I years 0 Be 
fore expected symptoms (/2)- Is tine coun 
is gcorlly sila to tht of spore AD, and 
then is evidence fom eros acctonal sds that 
itmay be (then humans destined 1 deve 
[AD have decile bischeical snd tpt 
‘logical shnormalies two decades or mor be 

fore overt lial symp (Fi. 2) 
To hey lesons tht mere fom 
sich stiics of respon AD 
ane hat) pro ra aliens 
occur well here the demain can 
be diagnosed (3) and (i) therapeu 
te interventions deca only atthe 
sulo-moderte clinical stage may 
be to late to amchorate sympioms 
Theater conlason ie spp by 
recent phase 3 tls of cern A 
clearing monoclonal stibaies 2, 
tps) dat apparent fl 
to gnificany slow? cognitive and 
fincdonl decline ovr 18 mous 
eventhough such anos are ci 
able of preventing fer riscy in 
ampli burden (14,18) and lower- 
ing CSP phospho-au level, a key 
binmaker of AD-ype neuronal de 
enero (16) 
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Preclinical AD Drug Discovery 


Laboratory 
research io 
Identity and 
characterize 
‘polenta 
pathogenic 
step (args) 


Sereen for 
‘gers 
(compounds, 
bole) that 


‘rea fo IND 


Fig. 2. Aligning potenta disease-macitying agents for AD with the couse of 
the disease. Red boxes indicate the sequence of steps in the discovery of 
‘compounds or biologics as investigational new drugs (INDS) for AD. Blue 
boxe, speculative stages inthe long presymatomatic and symptomatic phases 
‘of AD ina hypothetical individual who undergoes AS buildup for one of 


‘Moving Toward Prevention Trials 
Although antibodies against Af (ant-AB) that 
‘chance clearance of the peptide and other A 
lowering agents, such as inhibitors ofthe Band 
-sccrtase enzymes that generate AB, may sill be 
own to provide benefit i mildly symptomatic 
|AD, the AD field has moved toward a consensus 


that secondary prevention (diagnosing and weating 
the disease belare overt symptoms) is more key to 
slow the pathogenic proces (17-19) (Fig. 2) Sach 
tras might be designe inthe following way. Pre 
symptomatic participants who bear deterministic 
‘mutations in APP. PSENI. or PSEN? (ve, ato 
somal dominant AD) could undergo treatment 
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Hypothetical Time Course of AD 


40 
years 


Slowly ising brain Apa? 


levels and arty Ab2 
‘lgomerzaton 


ising Aj42 oigomers, oa 
‘sues & some file 

A deposits, mroglosi, 

asocyosis, au aration, 
subtenourtc dystrophy 
ul litle neuronal os, 
Declining CSF AjM2 


EARLY PRESYMPTOMATIC AD 


Worsening AB and tau 
bochemisty& pathology 
‘wh more neuronal lose, 

Further deine in CSF Ao 
‘wth een CSF taupau 
Cognitive defects detected 

wih challenging tests 


LATE PRESYMPTOMATIC AD 


Worsening bicchemical 
changes (ncusing tau) 
and mare neuronal 
‘and gla ytopahoiony. 

Mi cognitive symptoms. 


‘Worsening neuronal 
eurticigal changes. 
Progressive cogntive dts, 


Asin prior stage, plus 


Several posible reasons (ea presen or APP mutation, ApoEA inher 
‘tance, increased fsecretase activity, etc) and develops very ealy symptoms 
by around age 70, Green bores, clinical tral eategeries dependent on the 
stage of AD. Red X, als in moderate AD nt recommended, Yellow X, ial in 
‘mild AD recommended with caution. Figure adapted from G35), 


‘with an AfHowering or-neutalizing agent begin 
ning 2 5 yeas or more bere the expected age 
of onset of tank symptoms. In suc tas, enrol- 
lees would have low CSP AB4? levels as well as 
train amyloid deposits (detected by PET imaging) 
that exceed normal thresholds, ensuring that they 
‘an potently respond to an an-AB teat 
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Patictswho dona yt hve cleat CSE le 
cls of tao phosphorylate tua il entry could 
to compared with prints who alsady have 
these maken of tangle cited newodegenen 
bom Regan atoms, the ueatment's apa 
to dey the sirementoned biomarker changes 
[sy PET and FDG-PET aboot cerca 
stop fy slumatne magn rsoeanse msn 
(OR sing CSF evel ound pospoyitd 
tn] eld be assed yar osetia 
Point of detection om the pathogen jet of 
Places madation cers. Saary move- 
‘nents of bom would be expected be c= 
ft, ut these might be acompani by lest de- 
cline on cll cognitive tts hate cai- 
Sve tothe cardial manifestations of very eay 
clinical AD (eg, epic memory los nd word 
leaning and reieval dfs) rahe dan more 
ha copntve ts eg. Aldcimer's Dass As 
sessnant Seile-coitive subuale (ADASco), 
Manin Ste Examination (MMISE}] it hve 
les sensitivity to tet early progession. Com 
bin assent of AD biomarker situs and 
pode memory shold indicate wheter th gent 
in question can slow dase pression over + 
to Syear inal An academe consortia spo 
sored in part by the US, National Insti of 
Heal (SIH) aod the biotchlogy company 
Gener has cently ben approved ary ot 
sich secondary prevention il Wi an an 
(cxmcnmah) in 30) presympiomatic members 
fof lng Colombian page th the presen 
1 Gil misense mutation and salle 
umber of presmptomatic American paca 
fom the DIAN cohort who carry ther presen 
uations (20) Another secondary prevention 
fri sttosomal donna AD has bes pro 
posed tthe NIH bythe Alsheimer'sAsscition 
nd 8 contorium of DIAN sites and cen 
‘Pharmaceucal companies (21) 

In addition to condcting prevention tril in 
presvmplomstie partcpans wha, dominant 
Iyer AD. ti pot oats 
studies as soon as posible in presymptamatic 
Patcipants with common, late-onset AD (so 
called spoidic AD). Here. my be wf 0 
‘lve ticipants y thir apoinopron E geno 
types, becae the rate of AD pathogenesis and 
degre of framoid burden are generally greater 
in putin with the all ofthis gene com 
pared with those with just E3 or E2 alles, and 
Side etic profiles may ifr, For example, pase 
2 nls fhapinewrum, humanized monocl 
al antibody o A, itd tht ApoB pie 
Patcpans were significant more Hkly to de- 
‘sopan Michange des ARIAE (any 
‘elated imaging aknomaity-edema or sison; 
fame ell asic edema) than wer ApoE 
egativepaticpans presumably elt to the 
beaver buen of micovasclar amo in the 
former (22), Although cay a smal non of 
Ptipanis weaed with passive AB ramunotr- 
Spy show ARIA-E on MI, nd most of these 


experience no overt symptoms, sublle effects of 
this proces on ther mental statue ae possible 
and could paially mitigate any cognitive ben- 
efits of lowering and neutralizing AB, For some 
‘ypes of experimental anti-A therapeutics, for 
example, the tor -secretse inhibitors now un- 
der active development, prospective separation 
of trial participants by ApoE genotype may not 
bbenccessury, and stratification ofthe outcomes 
by genotype can be done at trl’s end. A sco 
‘ondary prevention inal of an ang-A in sporadic 
AD subjects (the Ad tril) is cumerly in ad 
vanced stges of planning by a consortia led 
by the Alzacimer's Disease Cooperative Study 
sroup funded by NIH (23), 


Markers Before Mentation 
Awe move fad more optimal times fr di 
case modiiaton (ie, vey early symptomatic 
AD and secondary prevention beloe sympa) 
the mpmance of obtaining CSF samples yk 
tar puncture ons many alpacas as os 
sls eanno heaven. CSF provides a vitally 
‘Heal indator ofthe biochemistry of the fan 
damental pathogenic processes of AD in vivo 
‘in el ie. Theft hat milena of 
[AB peptides especialy APA2, 40, and 38) ard 
total and phospholed  procins ean be un 
‘fed in smal samples of CSF allows one a 
quire simultane infnation about puttin 
Pathogenic agent (A) anda erica aural r= 
sponse molecule AD (mu, Preclinical research 
‘hows that the expression of ta is cesar for 
A peptides finclding soluble oligomers that 
‘ay conte prominently to neon ysine- 
‘ion 24] induce near dssuophy and eto 
Seleul collapse in cultured neurons (25) and 
tehavioral defi in APP wanszeic mice (20) 
nthe fae ational CSF anaes eer 
seurnal pois, mbes and mice 
cytokines, cern lpi, metal ins, coud 
Provide a more sophisticated pict ofthe AD 
boca! phenotype in vv and also he used 
as biomarker of progression 

The notion Bat lumbar panc i uncom 
fonable and zenelyunaceepabl opel is 
taal out of date. Some ivestigtrs in Eampe 
have been collecting CSF samples fom parte. 
‘pants with symptomatic and presymptomatic 
[AD for many yea and lca in the Unita 
Stats need to eath up. The Alzheimer Disease 
‘Neuvimagng Itai (ADNE: sponse bythe 
Nid snd mimes buphrmacetieal compass) 
and some iid AD rescarch cen ave 
scum fale and infra tne 
(CSF anus ean be [ea 
‘hc fare sl am 
tus once hey ae ine ho pra tis 
for accurate dings and for asset of tal, 
cuscomes an the reese can be uly ard 
‘si perfome nan ouput seting (29), ee 
cach acaemic centr or practic patipaing 
‘AD tras sould dsinste one oto highly 


‘experienced physicians 1o perform ll he amar 
uncres as is done for othr minimally invasive 
tdagnosic procedures such as arthroscopy. AE 
though the advent of PET amyloid imaging is 3 
‘gat boon othe presymptomatic diagnosis oF AD, 
low CSF level of ABA? i an equally if not more 
sensitive biomusker indicating that cerca A 
skpositon i underway (28), and this infomation 
‘an he acquired at less expense than a PET scan 

‘Soch considerations underscore the reality that 
‘ye cannot validate efficacious disease modifying 
agents in AD without strong reliance on bio- 
‘markers, The AD field offen discuss the con 
elng example of ced lpi profiling in cocmary 
artery disease (CAD), which led 9 regulatory 
approval ofthe first statin years hele these low 
density lipoprotein (LDL}-cholesterol-lowering 
tugs were unequivocally proven to prevent heart 
tacks (30). This achievernent occured because 
evited cholestrol levels and sbnormal lipo 
protein profiles in blood had been tighly inked 
to the tsk of progressive CAD by may’ pe 
‘miological and mechanistic studies (21), The AD 
fields now approaching an analogous benchmark, 
‘with numerous CSF and neuroimaging states coo 
sistently validating early changes in CSF ApH 
and ia eves and cercbral amyloid deposition as 
indicative ofa high risk of developing disease (8). 
took yeas of litical use of stains tobe cisin hat, 
therapeutically lowering LDL-cholesterol elped 
revent morbidity and morality in CAD (ie, prove 
the cholesterol hypothesis) (30), and yt statin teat 
ment was approved and rapidly expanded bene 
that. Because neurpathological, genetic, mecha 
nisi, biomarker, and even therapentic esearch all 
‘suppor an eat pathogenic le of ABAD, the AD, 
field necde to fol sa. 

‘Although sensitive memory tests should al 
‘yay accompany biome assays in secondary 
prevention tials, rigorous and statistically sini 
feant outcomes on brn and CSP AGS and tae 
should he considered for regulatry appnvval as 
long as an amylokt-lowening agent is deemed 
sae. Only wits more widespread and prolonged 
tse of a well-tolerated agent that hits AD bio 
‘marker endpoints can we ultimately determine 
‘whether the agents efficacious on quality-0Pife 
outcomes. Surveys indicate that many patenss 
and ther families are willing to undergo exper 
imental testing of preventatives or early treat 
‘ments, given the curtent absence of an approved 
dlsease-modifying therapeutic for this terible, 
fal disease. Approval of a safe agent that was 
signed on the basis of our current est under- 
Sanding of AD mechanism should be considered 
‘on biomarker grounds alone, as hae sometimes 
‘cecured in oer chronic ie-treatening diseases 


Beyond Ap 
Why have agents targeting Al ceived so much 
therapetticstention in AD? The principal reason 
is the wealth of evidence from many indepen- 
lent investigators worldwide supporting an early 
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role for Ap dyshomeostasis in AD pathogenesis 
Nonetheless, there remain appropriate concerns 
bout ABas a cause and as a worthy therapeutic 
target in AD. Some of the consider contr 
‘verry that as sik around this opie may rep 
‘eset misunderstandings of data and goals. will 
describe jst two key examples, Fist, there = 
‘mains debate abou! whether A accumlation is 
‘cause or an effet of AD, Almost certainly, the 
answers both, When APP or presen are ma 
tant, AB overproduction appears tobe the east, 
identifiable molecular event associated with the 
development of AD. But in the vast majority of| 
‘usc an imbalance between A production and 
clearance, which occurs in 100% of patients 2s 
‘we define AD, is cause by other upstream evens, 
‘most curently unknown. One very important 
known cause is inhertance of one or two 4 al- 
lees ofthe spolipoprotin E gene (12, Such eases 
‘were once part ofthe broad swath of sporadic AD, 
Ihut we nov recognize ApoE asthe single greatest 
risk fctor forthe disease besides age. Compelling 
evidence indicates that the ApoE procin de- 
‘renies cellular clearance of Af and enhances the 
stoiliy of exincelblor AQ aggregates in bri 
(33), butevidence fr sddtionalnon-A-medited 
flcts, including on tu is also accruing (24) Even 
though A cannot be said to be solely causative 
in ApoE carers (who may number at east half 
fof AD eases) an agent that chrnically reduces 
‘AQ production (eg. a f-seertase inhibitor or 3 
;-sceretase modulate) or enhances its clearance 
(eg. a passively administered AB antibody ora 
active AB vain) should be efficacious In shar, 
‘As bth cause and effect in AD. 

‘A second misunderstanding is the notion that 
therapies lowering AB conld be dangermas be 
‘cause they would decrease the pepie’s normal 
functions. Even years before symptomatic AD, 
‘nim eels of Af ae very substantially increased, 
and no curently contemplated therapeutic would 
the expected to reduce them to subplysiologicl 
levels, just as therapeutic statin doses donot cause 
serum cholesterol ofl to dangerously low lev 
cls Whether the AB fagment of APP acquired 
biologically important function during evolution 
lstnc! fom those of other proteolytic fragments 
‘ofthe precursor is under intensive study, For ex 
ample, aecent report found that ABO and A. 
peptides ean favorably modify peripheral Iympt- 
‘id and myeloid cell fuetion to mitigate aginst, 
experimental autoimmune encephalomyelii, 3 
‘mouse model of multiple slerosis (45). But low 
cing the excessive brain levels of soluble AB, 
Peptides in AD ta subphysiological levels snot 
‘contemplated and would he dificult to achieve 

‘These and er specific converses sur 
rounding the AB hypothesis have been discussed 
(46) and are widely viewed as not precluding fir- 
ther human research on AfMowering statics. 
At the same time, i is eucial to expend more 
‘preclinical and clinical esearch effort on non-A 
sitepies—for example, lowering excess levels, 


of ta proteins or down-egulating inflammatory 
cells both centrally and peripherally. Unfors 
rately, these appreaches are well behind ther- 
peutic development in the AB ara. We must, 
substantlly increase research on these altema- 
tive tats while also acelerating our judicious 
testing of Af-drected agents in presymptomsatic 
or very early AD. Curent research funding for 
AD is not nearly sulicient: it sil represents a 
‘modest portion of the dollars our field needs to 
study AD comprehensively, and ite very small, 
faction (<I*6) ofthe enormous costs our society 
bears each year to provide are to AD patients. 


Reducing AD Risk Without Drugs 
(Our understanding of environmental factors that 
modulate one's rik of developing AD lags be- 
hind our knowledge of the contnting genetic 
factors. Nonetheless, this important topic hasbeen 
receiving increasing sri. Lifestyle factors tha 
ray rede the sk of dementia in general and 
AD in panicular include physical exercise, cos- 
nitive activity and educational attainment, and 
socal engagement. The protective effect of wero 
bic exereise (37,38) may derive from enkunced 
cardiovascular fies and cerchrovasclar heath 
bt possily also trom modifying the biology of 
AAD, for example, by lowering AB accumulation 
tor decreasing neurite dystrophy. Lifelong itel- 
Jectual activity and higher educational levels have 
ben found to lesen the risk of developing AD or 
‘o ameliorate its course (39, 40) In mouse mod 
cls, envionmental enrichment, including repeated 
exposure to novelty has been shown to decrease 
amyloid burden and attendant neuroanatomical 
and behavioral deicis (4, 42) Strong social en 
‘gagement an lack o isolation in the elderly may 
ontnhute to a lower likelihod of developing de 
ments inching AD, ora slower progression of 
symptoms (43,4), Ourcurent ste of knowledge 
suggests that changes inlet are unlikely to Be 
sullicent to stave of the development of AD. par- 
cull if these changes ae insted close othe 
time of inal ene Heweve is posible tt ex 
osu to beneficial ifsyle facts overmany years 
could delay the onset and progression of the dis 
cee. Tis escarch aca mais Figeousinvestization, 
sven the ongoing challenges of validating safe 
disease-modiyng therapeutic andthe high costs 
‘hat wil be incurred wit its chronic administration, 


Success from Failure 
ater to teat complex, chronic diseases such, 
fs AIDS or certain forms of cancer have been 
‘marked by major failures before tangible success 
emerged, One fps tht this willbe the casei 
AD. The appropriately intensive efoto test po- 
tential AD therapeutics earlier and in more care 
filly designed tril is likely to lead to rigorous 
scientific evidence of disease meuitication before 
Jong. This evidence may arise principally fom 
biomarker data although it will key be accom- 
panied by posiive trends on cognitive tests. De- 
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spite being enormously disappointing to patients, 
families, and physicians the field's recent clinical 
‘ral flues will provide a great deal of concrete 
information about what may work partially. what 
doesnot and where to go next AS a soci, we 
‘mst inves much more ad invest mone wise: We 
‘mast broaden thetic sion beyond A nd 
‘ako move quickly to tls im very early symplo- 
‘mac as well as resymmpomatie participants, As 
soon ae we sce independently replicated evidence 
of relevant biomarker changes and sme eogstive 
‘nef, we should begin i» consider even earlier 
(Cprimay") prevention ial for middle-age par 
‘icpants bearing ApoE alleles, Our patents and 
their families should rend ws of Church's ex- 
oration: “never, never, ever quit!” 
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PERSPECTIVE 


Changing Human Behavior to 
Prevent Disease: The Importance of 
Targeting Automatic Processes 


‘Theresa M. Marteau,¥* Gareth J. Hollands, Paul C. Fletcher® 


‘Much of the global burden of disease fs associated with behaviors—overeating, smoking, excessive 
alcohol consumption, and physical iactivity—that people recgnize as health-harming and yet 
Continue to engage in, even when undesired consequences emerge. To date, interventions aimed at 
‘hanging such behaviors have largely encouraged people to reflect on thei behaviors. These 
approaches are often ineffectual, which iin keeping with the observation that much human behaviors 
Automatic, cued by environmental stimuli, resulting in actions that are largely unaccompanied by 
Conscious reflection. We propose that interventions targeting these automatic bases of behaviors may 
‘be more effective. We discuss specific interventions and suggest ways to determine whether and 

how interventions that target automatic processes can enhance global efforts to prevent disease. 


tthe 6s World Health Assembly held 
in Geneva in May 2012, health ministers 
edged # 29% eu in premature deaths 
From the four most prevalent nonconsmunicable 
diseases diabetes, eanovascular disease, hang 
dlsease, and eancer—by 2025. Achieving this 
wll require sizable site in the population dis- 
tribution of consumption of ealres, tobacco, and 
alcoho, as well as increased levels of physical ac- 
tivity and fit and vegeble consumption. But 
how might such changes in behavior be achieved? 
Hither, nonregulatory approaches to changing 
behaviors across individuals and populations have 
facusd largely on using information to persuade 
Pele of the risks they face and the potential 
bene of change, dough clinics or public health 
‘empuigns, suchas those simed at inereasing the 
‘consumption of fit and vegetables or tre 
the consumption of sobol, More recent variants 
‘ofthis approach inclade personalizing risk mes 
‘sges sing the rls of wide aay of biomarker 
tess, including Mood glacose levels indicating an 
increased rie of chabetes and gene variants inde 
‘ting an inreasd risk of heart cease. These 
roaches have had ether modest or no els oo 
health-harming behaviors (/, 2). 
‘We propose thatthe potential for information- 
based interventions is fundamentally limited 
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sven that it i based om a view of human be- 
havior that ie at ods with psychological and 
curoscientiic evidence that much human hei 
Joris not actualy driven by deliberation upon the 
consequences of actions, but is automatic, cued 
by stimul inthe environment, resulting in actions 
‘unaccompanied by conscious reflection (3), 


Flexibility Versus Efficiency: Understanding the 
Balance in Human Behavior 

‘Throughout our day, we sift between two broad 
categories of behavior (4, 5) On the one hand, 
‘we may atin a reflective manner, dieting our 
selves toward particular goal, aware of ou m0- 
tivations and actions and able to halt or modify 
them should the nocd arse. In her instances, we 
set without reflection, responding to our Sar 
roundings in complex ways while our thoughts 
ray be far removed, Each of these types of 
havior ha its advantages and disadvantages. The 
firmer ie gol-irecte, exible, ad rational in 
sofas itis motivated by explicit beliefs and 
desires. Butitis also slow, cumbersome and met 
boically cosy, absoring our tention and pre 
venting other processing. is especialy incticient 
‘when i comes to routine stations: Why would 
fone Wish to deliberate over each stage of fi 
nile route home? The later behaviors, in their 
sutomaticy, have the advantage of eapatlzing 
con the routine andthe predictable, freeing us to 
ddevote our cognitive capacity to other matters 
‘while nevertbeless engaging in complex and fat 
fal actions. However, in becoming divorced fom, 
swareness and reflection, these automatic behas 


iors lose flexibility and may become out of ouch 
‘with conscious desires, proceeding even wien the 
consequences are unwanted. Thus, we may find 
‘ourselves ting the wll-ravelled rote home when 
the orginal intention had been to call elsewhere 
Although itis usual to dea a complete dsine- 
tn between hese ta brad categories of beat 
ior in ict they overap and interac, wth any given 
‘behavior consisting ofa comples mixture of the 
two kelly they woul and ofien d, complement 
cach her, but they may also come into confit. 
“This is piculay so in the cae of balled 
Ihchavios or which people oe have comping 
‘gals (such asa pleasure goal of enjoying a cake 
‘eras teat goal of racing weigh). Is po 
Ihaps most wef to thine of them in tems of & 
Tulance, with certain factors promoting the more 
‘reflective and oer the more automatic behavior 
Thus, for example, engaging in a tsk that absorbs 
tention may shift us toward mere automatic be- 
Jnavioe. This arte in an experiment showing 
that having to remember a log sng of numbers 
‘made people more likely to sckct choco cake 
than salad when presented witha oral hice 
in the middle of the experiment (6), Stes oo ean 
hit ue from being raonal and goal-dncted to 
‘mere automatic, esponlng to exer tm ad 
persisting in ations that ae not atime bei, 
‘The above distinction is very relevant to c= 
tablished experimental work on habits, which are 
actions that occur in response to simul without 
‘necessiy bringing to mind the goa of tht action. 
Habits are contsted with goal-dcctd behavior 
and form one class of automatic behavior. They 
‘become established by repetition and routine, their 
‘emergence being marked hy measurable changes 
brain crits (7). Although habits constinute an 
important class of automatic behavior, itis impor- 
fant note that ac all automatic behavior i 
‘naitual. For example, viewing a beer advetise- 
‘ment on television may result inthe viewer going 
to the fridge fora beer without awareness ofthe 


“Ninety-nine hundredths or, 
possibly, nine hundred and ninety- 
nine thousandths of our activity is 
purely automatic and habitual, 
‘rom our rising in the morning to 
our lying down each night.” 

Wil james (299) 
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link between the ad and her behavior (ie it isa 
behavior cued when the environmental cue eis 
the goal or desi), bu this need not be a habitual 
response to watching television. Additionally 
‘aulomatic behavior can be goal-directed (8-10) 
Finally, although automatic behaviors are gener 
ally considered to occur without awareness, auto- 
rmatcty is best considered as a continuum, with, 
some sutomatic behaviors cued and enacted ex 
tie outside of awareness 

(uch asthe mimicry of non- 
vetbl Behavior in soca ine 
sercions} wheres fr thes, 
the cue and the ensuing be- 
Jvior may be noticed while 
the causal ike betwen the 
‘to occurs outside wvaencse 
[such as occurs in the pi 
ing effects on consumption 
ofthe averting of food and 
aleohol (11, 12) 

Te key pint here that 
<awvirmental ccs can cict 
oth bits acins inthe 
hsence of conscious desire 
(the bond that dips ino the 
‘open biscuit in), or they a 
auomatcally, perhaps n= 
‘consciously, being to mind a 
‘dsr n beth cates, the be- 
havior that emerges can be 
‘considera astra nd une 
ely to be susceptible to 
modifications aimed at ra 
tonal reflective hought This 
‘account of human behavior 
helps explain why heal-harming behaviors per 
sit inthe popustion ae ae so resist change 
We une thi the tine sight to examine whether 
interventions that tget these automatic, une- 
fletve processes can change behavior ona scale 
that will contrite to realizing the Word Heath 
Assembly's ambition, 


Changing Human Behavior 
Despite the work in brn and behavioral sckences 
sdemonsinting the dominance of automatic pro- 
‘cesses in guiding acon, mast interventions ima 
at changing bealhelated behavior target rellcctve 
process. At their simples, these interventions 
otal providing information in an tempt wp 
sue people to change their bebuvior in fr ex 
ample, mass media campaigns designed to incase 
the consumption of fut and yegetales. At their 
‘more comple, they sim tomar skis to ines 
individuals’ selP-reguatory capacity to engage 
in healthier behavior, as found in stop smoking 
services and weightloss programs. Although the 
later type of intervention can ahiove sustained 
change in, for example, dit, physical activity, and 
smoking (13), their potential to change behavior 
‘on the scale nocd to alt and reverse the rise in 
noncommunicable diseases is limited, because 


cola minority of those withthe una bean 
‘or engage in sch programs andr those tht co 
engage, the eflect sizes achieved are modes (2) 
Such effect sizes are smallest for routine lami 
behaviors, This accom wit obsratons that high 
levels of tnining and repetition in experimental 


snimals produce behaviors that re persistent and 
insensitive to changed o devalued outcomes (4 
The very highly taeda wll continue to press 


Fig. 1. Altering the effort required t each foods by manipulating their proximity can increase 
the selection of easiertoeeach fond options. 


lever fora drink even wen tha dink has ben 
rade biter. It accords too with our everyday 
experience that highly routine behaviors, inelud- 
ing what and when we et ae dificult to change, 

There are many suc interventions tht prob 
ably equie ltl, if any, conscious engagement 
Or laget atlomatie processet to change health 
related behaviors, an hat could be implement 
at the population level, We outline blow some 
‘examples from laboratory and fed experiments. 
‘These fall nto ta road but overlapping cat- 
cegories: () those that alter a person's environ 
‘ment and (i) those tha aim to target automatic 
processes (and thereby how an individual re 
sponds to environmental cus) 

(Altering environments to constrain behav- 
for, Reflecting Tolman’ aw of leas tot, which 
vas based on observing rts taking the shortest, 
path in a maze, altering the properties of objects 
for ther space within physical envimaments ean 
‘consin or shape responses to make the least ef 
‘orf course the most likely, without a need to 
prompt conscious deliteraton (15) 

Ease of effort. Taking the elevator rather than 
the stars typealy equies less eer on the part 
ofthe individual. To encourage the more phys 
jelly active behavior of using the stars, we ean 
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‘consider making the elevator a ess appealing op 
ton by incase the eto raquo we For 
‘ample slowing down the speed al which levator 
dors close, thus increasing the joumey time, 
increases ni use (6 Simi, alien the eer 
reid to reac fds in at casters salad bar (Fig. 
1) by msanipusting thei peony by oly ard 
10 inches, ean increase the selection of exsiero- 
reach feed options (17), Reducing the proximity 

anal density of ral outlets 
fr alcool, tobacco, nd 
junk food can also ndnce 
paurchasng and consump 
Sinn (18) 

Availability of options 
within environment. The 
svalabilty of an option 
within given envionment 
increases the case with 
which ican be used and 
thereby the likelinood of 
this Forcrample,cormat- 
cers used the stairs nearly 
tice as much when there 
swasnly ane ascning e=- 
calor vale ws an ater 
native to taking the stairs, 
fs when there were two 
escalators (0) Increasing 
the number of healthier 
food and drink options 
fin vending machines has 
ako been shawn to i 
cease the likelihood that, 
healthir choices ll be 
selected (20) 

Product desig. The design of product shapes 
‘our behavior in ration to i Over time, many 
det ental to heal-eate behavior have al- 
tee in ways tht reso ness ener expenditure 
and greater consumption, For example, 150 ysis 
‘ago, clerks worked at standing desks. The ro 
‘isin of modem equivalents in schools eas re 
sult in pupils expending more calories (2/), The 
size and shape of tableware, such as pats and 
stinking glass, have ako chang over the com 
tures, with hot properties influencing eating 
and drinking behavior. For cumple, ler glasses 
resulted in less being poured and. drunk than 
shorter, widerbotiomed glasses, although study 
pattcpants perceived the apposite to be ue (22) 

{G) Targeting automatic associative pro- 
‘cesses, We describe examples of interventions 
that deliberately target automatic processes to ac- 
tivate, inhibit, or aller existing associations or 
rete new ones, that individuals have i= 
ferenly in reaction to environmental cus, 

Activating or inhibiting existing associations 
Priming is one mechanism to infence behaviee 
‘outside awareness. It involves presenting a stim 
‘ue hat activates or inhibits an associated mental 
representation (a concep, action, or goal). This 
alles the threshold foe action and the Hkelbood 
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‘ofits expression given subsequent exposure to 2 
‘relevant stimulus, or example, priming the con- 
‘cept ld age hy exposing parscpants to words 
such as "wrinkles" and gray") led o participant 
‘walking more slowly when leaving the experi- 
ment (28. Priming effects have ben demonstrated 
across a ringe of responses and stimu, including 
the presentation of aleobol and snack food in ade 
‘vertsements, For example children watching ear 
toons itenpersed with food advertisements at 
44584 more ofthe stacks made wvalable to them 
(vic didnot appear in the advertisements than 
cul watching cartoons interspersed with ad 
vertsements for nonfood iems. Adal consump 
on of snacks was also acted (1). Sima, 
dls watching film clips that included scenes in 
‘which alcoho featured prominently, interspersed 
‘with advertisements for alcoholic beverages, se- 
lected more alcoboic overages to drink steward 
than dil those exposed to either of these alone. 
“Those exposed to ln clips and advertisment a 
didnot etre slob selected the fewest slab 
beverages (2) ln acconlance with such findings, 
‘sting marketing i considered one of the more 
potent interventions in reducing tobacco use, al- 
‘cobol consumpion, overweight, and obesity, par- 
ticularly in children (24). The potential of using 
‘ming interventions to reduce consumption is 
promising (25) but ite stuied thus far. 

Altering exiting or creating new associations 
Humans are generally predisposed to approach 
positive stimuli (those we anticipate as being re- 
‘warling) and avoid negative simul (hose we an- 
‘icipate 2s being unrewanling or even punishing) 
Products are frequently packaged with a varity 
‘of positive and negative associations, generating 
‘competing behavioral impulses, Inresing. p> 
roaches toward healthier hehavios and products 
and the avoidance of lss-healthy options involves, 
increasing postive associtions with the former 
and negative asoeiatons withthe later So, toe 
‘example using fan tems deseribe healthier ods 
increases the chances that children will ea them, 
‘as docs puting carton characters on vegetables 
(C9), whereas removing branded packaging of 
junk food and tobacco reduces the atractiveness 
‘ofthe products (27,28), 

The nterentions described above may have 
additional benefits: Their delivery (for example, 
‘ina change in the physical environment) does not 
‘usualy muire complex systems or dice contact, 
‘with peopl, thas allowing increased eficieney ae 
creased cst as compar with individually de- 
liver interventions They also have the potential 
to uc heals inoue, becuse they do not 
‘lyon the communication and comprehension of 
‘comps information about health, The impact of 
interventions that involve providing persuasive 
information depends on recipients Mercy, mie 
mercy, and cognitive contol, which are generally 
poorer in those who are more deprived (29-31) 
Jn contrast, changes made to the physical eny 
ronment largely bypass these process, having 
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‘who are exposed to that enviranment 


Future Directions 
‘The interventions we have deserbed are, 
ip cleat tthe poplin evel ang 
uncertainty remains about whether they will 
effective in changing behavior in populations 
living in complex environments and ata level 
needed to reduce the global bunden of chronic 
disease. Sever steps are needed to test thi. Fest 
we mms dey which simul in whic environ 
‘ments are mos likey to achieve sustained heal 
behavior: For example alihough the quantity and 
squat of ace devoted to unelthy and healthy 
products in a grocery tore, as wells their pack 
aging and marketing in and out ofthe store, will, 
influence the relative healthfuness of the fod. 
bout, experimen ae neded to determine the 
srocery store design tht maximizes health pur- 
chasing (in contrast to curent stores, which are 
designed to optimize profits, regardless of the 
heahfilness othe fod purchased) 

‘Secon, it wil be important o undertake a sy 
tematic symhess of existing evidence to assess the 
processes that explain the impact of intrven- 
tions targeting automate processes, Avtomatcty 
renin an clasve concep, dificult to understand 
snd identify (2). The formidable tsk of concep 
tually framing and synthesizing study findings 
is just beginning (23). Such syntheses have the 
Potential to enrich understandings of basic rain 
processes that atvate behavior, aswel ast in 
frm the designs of fstureenvivoments, built nd 
virtual, witha higher chance than existing ones of 
‘ctivating healthier behavior and inhibiting Tess 
heathy behavior on the scale needed to make a 
measurable impact om population heath, 

‘Third, there is scope forthe development of 
new interventions. lndividual-tevel interventions 
shown tobe efcctve at changing behavior in lab 
mtoy and community stings might be adapted. 
so that they can be delivered atthe population 
level These incle computerhased evasive 
conditioning pred that weaken postive aso 
‘tations with poeta beal-damaging products 
G4), training to inhibit bebavioeal implses to 
engage in unhealthy behaviors (35), and the for- 
‘mation of intentions to implement » particular 
behavioral response upon encountering partic 
ulareue (36) This ater approach would actully 
‘apitalize on our emrkable potential o develo 
sutomatc responses, in this case puting post- 
tive asta response in pce of harman, 

Implementing interventions that target the a= 
tomatic bases of health-damaging behaviors will, 
regire that certain philosophical, political, and 
‘comic bres he overcome, Tete include the 
‘mpi threat o our understanding of what tis 0 
bbehuman, given thatthe most parsimonious mel 
cds of behavier involve acknowledging that much 
Df our behavior takes place outside of aware 
ness Furhemore, given the multitude of existing 


ues crving us toward heat harming behavior 
‘remains tobe seen whether we ean gun a tochold 
in an environment that is already exening strong 
‘negative impacts om heath A. further threat is 
posed fo economics that are but on excessive 
‘consumption, beemse sucesfil behaviors based 
certs to prevent dscase would rece the com 
‘sumption of fod, aloha, and tobacco, as well as 
thei transport by foes fies, Plea and public 
will no to be aligned forthe succesfilenact- 
‘ment of interventions that dace sch consump 
tion. Although the precise global sttegcs for 
achieving the World Health Assembly's laudable 
ambition are evolving, itis lear that behavioral 
‘and brain sciences have tole to play 
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Undernutrition, Mortality, 


and Lifelong Health 


CChessa K, Lutter and Randall Lutter™ 


‘Child underutrition sa major public helt challenge, estimated o be responsible for 2.2 milion annual 
‘deaths. Implementation of avalable interventions could prevent one-third ofthese deaths. Emerging 
evidence suggests that breastfeeding can lead to improvements in inteligence quotient in children and 
Tower risks of roncammuniable diseases in mothers and children decades later. Nonetheless, breast 
feeding and complementary feeding practices difer greatly from global recommendations Athough the 
World Health Organization recommends that infants receive solely breastmilk forthe fst 6 mnths 
‘ile, only about ane tied of infants in lawincome countries meet this goal, just one-thid af children 
6 t0 26 months old in lowincome countries meet the minimum criteria fr dietary dversiy, and only 
‘one in fve who are breastfed receive a minimum acceptable det. although the potential effects of 
improved breas-feeding and complementary feeding appear Large, funding fr resarch and greater use 


‘of existing effective interventions seams low compared with other life-saving child health intervention. 
id undemution ia major public health 
challenge and is estimated to be respon 


‘wide of children under the age ofS, although ull 
implementation of available musiton interven- 
tions could prevent more than one-thid of these 


eats (1). Interventions o improve beas-eeding 
and complementary feeding are estimated to be 
the first and thin! most efistive preventive in- 
terventons against child morality—the second 
being the use of insecticide-treated bed nets to 
protect against malaria (2) Improved breast- 


fkeding and other nutritional interventions aimed 
at eildren ander Sand pregnant women hve sib- 
stantial benefits beyond affecting morality i 
lading improvements in intelligence quotient 
(€) and lower risks of some noncommunicable 
dlseases (NCDs) (3), which collectively cause 
(63% of deaths globally (4). Further, improved 
‘eastfeeding abo has benefits in high-income 
countries: The social costs of lw breast-feeding 
rates in the United States alone were recently 
stated at $13 billion annually (5) 

‘Call undemutiton i «broad and complex 
‘phenomenon, encompassing fetal undernutrition; 
Insufficient breast-feeding: and complementary 
fending of itslow in enegydense foods, esertial 
fity acids, and micronutrients. The efits of un- 
‘demutrition inlade low bith weigh and det in 
Deight and weight as well as physiological out- 
‘comes ltr in lie. The importance ofthese factors 
romped US, Sccctary of State Hillary Clinton 
to desenbe the benefits of improved mutton in 
‘ero and daring the fst 24 mondo lie a po 
viding 2 vale “1000 day window of opports- 
nity” or ifelong health and development (0, 
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Table 1. Breas-feeding and selected maternal health outcomes. Cl confidence interval. A person-year isthe sum of the number of years that each 


study participant's health condition was observed. 


Outcomes Measure of breast-feeding tect size Notes 
‘Ovarian cancer Length of breastfeeding Reduced rk of ovarian cancer by 25% ‘Mataranaljis of rine studies with 4387 cancer 
for each year of breastfeeding ‘ovarian cancer cases and 10,574 controls (22) 
(odds ratio: 0.72; 9586 Cl: 0.58 10097) 
Breast cancer Length of breastfeeding Reduced rik of breast cancer by 43% Fist metaanalysis induded 45 studies conducted 
for each year of breastfeeding in fist ‘through 2001; second meta-analysis 
analysis; educed isk f breast cancer by ‘nduded 23 studied published between 
28% for each year or more of breastfeeding 1980 and 1998 (22) 
in second analyis 
‘ype 2 diabetes Length of breastfeeding Reduced diabetes risk by 4%; 95% Cl: 1 “wa cohorts fom a high-quality 
to 94 per year of breastfeeding in ist longitudinal study of 150,000 parous 
cohort and 12%; CI: 6 to 18% in second cohart women in the US. (22) 
Hypertension Never breast-fed versus ‘Increased rik of hypertension by 299% 55,636 parous women inthe US, 


‘exclusively breast-fed frst 
child for 6 months 


(hazard ratio: 129; 95% Cl: 1.20 to 1.40) 


‘reported 8861 cases during 660,880 
person-years of abserations (20) 
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‘Child underutrition sa major public helt challenge, estimated o be responsible for 2.2 milion annual 
‘deaths. Implementation of avalable interventions could prevent one-third ofthese deaths. Emerging 
evidence suggests that breastfeeding can lead to improvements in inteligence quotient in children and 
Tower risks of roncammuniable diseases in mothers and children decades later. Nonetheless, breast 
feeding and complementary feeding practices difer greatly from global recommendations Athough the 
World Health Organization recommends that infants receive solely breastmilk forthe fst 6 mnths 
‘ile, only about ane tied of infants in lawincome countries meet this goal, just one-thid af children 
6 t0 26 months old in lowincome countries meet the minimum criteria fr dietary dversiy, and only 
‘one in fve who are breastfed receive a minimum acceptable det. although the potential effects of 
improved breas-feeding and complementary feeding appear Large, funding fr resarch and greater use 


‘of existing effective interventions seams low compared with other life-saving child health intervention. 
id undemution ia major public health 
challenge and is estimated to be respon 


‘wide of children under the age ofS, although ull 
implementation of available musiton interven- 
tions could prevent more than one-thid of these 


eats (1). Interventions o improve beas-eeding 
and complementary feeding are estimated to be 
the first and thin! most efistive preventive in- 
terventons against child morality—the second 
being the use of insecticide-treated bed nets to 
protect against malaria (2) Improved breast- 


fkeding and other nutritional interventions aimed 
at eildren ander Sand pregnant women hve sib- 
stantial benefits beyond affecting morality i 
lading improvements in intelligence quotient 
(€) and lower risks of some noncommunicable 
dlseases (NCDs) (3), which collectively cause 
(63% of deaths globally (4). Further, improved 
‘eastfeeding abo has benefits in high-income 
countries: The social costs of lw breast-feeding 
rates in the United States alone were recently 
stated at $13 billion annually (5) 

‘Call undemutiton i «broad and complex 
‘phenomenon, encompassing fetal undernutrition; 
Insufficient breast-feeding: and complementary 
fending of itslow in enegydense foods, esertial 
fity acids, and micronutrients. The efits of un- 
‘demutrition inlade low bith weigh and det in 
Deight and weight as well as physiological out- 
‘comes ltr in lie. The importance ofthese factors 
romped US, Sccctary of State Hillary Clinton 
to desenbe the benefits of improved mutton in 
‘ero and daring the fst 24 mondo lie a po 
viding 2 vale “1000 day window of opports- 
nity” or ifelong health and development (0, 
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Table 1. Breas-feeding and selected maternal health outcomes. Cl confidence interval. A person-year isthe sum of the number of years that each 


study participant's health condition was observed. 


Outcomes Measure of breast-feeding tect size Notes 
‘Ovarian cancer Length of breastfeeding Reduced rk of ovarian cancer by 25% ‘Mataranaljis of rine studies with 4387 cancer 
for each year of breastfeeding ‘ovarian cancer cases and 10,574 controls (22) 
(odds ratio: 0.72; 9586 Cl: 0.58 10097) 
Breast cancer Length of breastfeeding Reduced rik of breast cancer by 43% Fist metaanalysis induded 45 studies conducted 
for each year of breastfeeding in fist ‘through 2001; second meta-analysis 
analysis; educed isk f breast cancer by ‘nduded 23 studied published between 
28% for each year or more of breastfeeding 1980 and 1998 (22) 
in second analyis 
‘ype 2 diabetes Length of breastfeeding Reduced diabetes risk by 4%; 95% Cl: 1 “wa cohorts fom a high-quality 
to 94 per year of breastfeeding in ist longitudinal study of 150,000 parous 
cohort and 12%; CI: 6 to 18% in second cohart women in the US. (22) 
Hypertension Never breast-fed versus ‘Increased rik of hypertension by 299% 55,636 parous women inthe US, 


‘exclusively breast-fed frst 
child for 6 months 


(hazard ratio: 129; 95% Cl: 1.20 to 1.40) 


‘reported 8861 cases during 660,880 
person-years of abserations (20) 
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Alters of oversimplify the pic, we r= 
‘iw the recent and growing evidence of henefits of 
ly notion, particularly beast feding, on child 
‘mortality and maternal ad child beakh outcomes. 
Weendcavort dsingish between eft reported 
ino and high income cours, as these effects 
and the sacs of interventions may dtr with 
dct and general sanitary conditions, Our review 
‘overs researc in low-and high-income counties, 
including observational, ease contol, prospective 
obo, and randomized stabs. Our sine ind 
‘acs hee is rile evidence that mpeoved pop 
‘ultion coverage of child muon interventions, 
partculirly related to breas-fsding and comple 
‘mentary feeding, could provide lange benefit in 
solute terms and that these measures could do 
‘sot exceptionally low os. However, public hel 
finding for child nutrition research and programs 
issil relatively low compared with tht for other 
leaving child health interventions (7). 

Here, we present evidence for benefits, an 
‘conomic rationale for goverament intervention 
in breast-feeding, and a eview of hast feeding 
ractices and polices, The rest of this paper ad 
fdeses the early nuttional erigins of disease, ef 
fective min interventions in thet L000 days, 
Jeastfieding and NCD risk, the economic aioe 
nal forbreast- feeding promotion, ta on current 
Ireas-feeding and complementary feng prac 
tices, and, finally, conclusions. 


Early Nutritional Origins of Disease 
“The past few docdes have seen a explosion of 
esate suggesting that nur insults during 
fal life have surprising and long-lasting ric 
fications for heal (8,9), Analysis of such eflets 
‘is complicated by the lack of accepted meastes 
of in utero exposure, the difculty separating in 
‘ler exposure fom exposure during infancy ot 
‘ly childhood, an the possiblity af effects sul 
ficiently severe to inerease perinatal morality, 
thus masking lteradverse effets (10) Research 
crs have addressed these complications by focus 
ing on “natural experiments” such asthe Dutch 
Hunger Winter (esuting from severe wartime 
food shoriages during the winter of 1984-1948) 
and religious fasts —epsodes for which earlier or 
late cohorts provide suitable controls. 
fl of prenatal expose to the Dutch Hun- 
gr Winter inchade obesity among 19-year men, 
fit deposition for women, schizophrenia nd cle- 
vated blood pressure (10) Prenatal exposure 10 
dayne fasting dang Ramadan as bon repo 
to increas the ici of acl sail by rare 
than 20% among Ins and Uganda's Mastims, 
‘wih substantially larger effects for mental and 
learning disabilities (10) One study considered 
cect of dietary supplementation wi iodine dur- 
ing pregnancy in Tanzania—iodine deficiencies 
‘an cause low IQ scores. Before the advent of 
iodized sal, matema iodine defcieney was the 
leading preventable cause of mental retardation 
sloblly. Afr sccounting for difrences in uptake 


among families, girls who received 
Je supperentition a utr Were 
found to have had about an extra 
6 mons of schooling relative to > 
lings, eventhough ther healh was 
apparently unaected (11), 

All ofthese estimates should be 
sean as illustrative of how nto in 
tuo aes lang erm eath and even 
schooling males thin as concrete, 
‘gantatye estimates. One ean or 
this cation i thatthe biological ef 
‘sof in utero and eat childhood 
rational insults depend on their 
precise nature, seventy: and mi 
‘ering development. In addon, the 9, 
effets abo probably ary with ter 
dd. physical stv, and genetic 
predisposition. Another reason for 
caution is that nonheath outcomes, 
such ar yours of schooling, also de- 
pend on how flies tet childs 
‘who may be sublly different, and this probably 
‘arcs with diferences in cui oF economic op 
portunities Regal, a growing amount of lier 
ature shows that fetal undernutrition, as reflected, 
in se at birth, hasbeen associated with ast of 
tunic diseases later inching coy bear 
disease, dibetes, and hypertension (8) Such risks 
ae exacerbated Winn infants urow up in enviton- 
‘nts where metabolic disorders are prevalent. 

(Ongoing prospective cohort suis in Bri, 
Guatemala, India, the Philippines, and South AE 
rica show tht size at birth and accelerated weight 
sin ater 48 months of Hie is related to insulin 
resistance (2, whereas gresir weight gun during 
the fist 5 years is associed with elevated blood. 
pressure (/3), These damaging effets are more 
Pronounced if cilren become oversight dri 
Inter childhood and adolescence. The damaging 
effets of undemutrion are assocated witha wide 
range of lifetime prospects. For example, among, 
Guatemalan boys living in villages where severe 
stunting was provalent, random assignment of n- 
fants to high-quality cer supplementation in the 
fit years of lif ad 246 nr in average 
‘wages in adkitbood (14), Furerore, women who 
‘ware undemcurished as chin tnd to have un 
derweight bis, lusting inergeneratonal ef 
{ets oF poor nurion (15) 


E 


Percent of infants <6 months old 
a8 


Interventions in the Fist 1000 Days 
wide variety of policy interventions affecting 
‘ution nthe fst 1000 days of i an have long 
lasing eects on bealth Interventions to prevent 
child morality, 2s highlahied in a Lancet series 
‘ matemal and child wndertion new ncome 
‘ours che tt fring se! comple 
feeding counseling, a5 wells food supplements 
(when necessary) in cide 6 to 24 months oF age 
U6}, Providing vars A and zine supplements, 
ensuing universal salt ioizatin, an timely treat 
‘ent of sever ate malin ae all ilerver 


15 
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Fig, 1. Selected tends inex brs fading, show a percent 
cof nla ess than 6 months of ge infeed fom pais of nationally 
‘representative survey conducted between 1985 and 2010, 


tions Jnown to be effstve in reducing chil 
‘morality (6) lon supplements are also recea- 
‘mended, but noe where malaria is prevalent because 
‘of herisk that ion supplements may increase mce- 
tality by mereasing vulnerability to infections (7) 

“An important tbat of bras fogs that it 
cxhanees a cl’ according to mumerous sts 
in high- and low-ncome cousies A randnized, 
though unblinded al showed hat bras xin 
promotion ase IQ six point (18): other studies 
‘hw guns more onthe der fone thee points. 
Regus of the exact number, these ae large 
‘guns, comparable to the welLestblshed efits of 
climiuting ead rom gasoline (9). Analyses by the 
US. Environmental Patccton Agency (EPA) 
‘gst tht an inreseof one point an indikal's 
10 increases the prsent ale of ime camings 
toy bomween 18 and 2.4%, Using data on medion 
camings of US, workers and assuming a discount 
rate of 3% the EPA calculates the gain in nt eam 
ings fom an increas of ne 1Q point ange fom 
‘SET to $12,512 in 2006 U.S dlls (20). To or 
Jnovledge, these estimates have not been in- 
coded in economic staies of breast-feeding. Be- 
cue 10 gains a expected inal eased infants, 
1 -reaed benoit ape suicientiy ar to sub 
‘Santally improve te cst-ffctiveness of breast- 
feeding interventions relative to other public 
al micas, 

‘Matemal health matters to, no jus insins- 
cally, but because mothers as the primary ear 
‘iver for ther children need to be pial and 
_meatally healt o provide adequate eae Ince, 
‘maternal death ia risk Factor for inant mortality 
‘Anemia during pregnancy increases a woman's 
‘isk of death from blood loss during delivery (/), 
and high-quality evidence supports the value of 
roving ion flate and mile microoutient 
supplements to reduce matemal anemia (16) 

In addition, breast-feeding fers substantial 
Tenis to mothers and their families because it 
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delays the return of ovulation and menses, there- 
hy extending the interval hetveen pregnancies 
Less foquent pregnancies reduce neonatal, in- 
fant and child morality (2) and undemutition 
22), clusve, on-demand breast-feeding during 
the ist 6 months afer ving bh sas effective 
at preventing pregnancy 2s condoms, diaphragms, 
and oral contraceptives (23)- After 6 months, 
breast-feeding still has substantial contraceptive 
ctfets, which are particularly important asthe 
‘ue of active birth-control methods i sil low 
in many counts, ptculary in Africa. Naton- 
ally representative data om married women of re 
provlctive age in 30 Alfican countries between 
2000 and 2012 show tha, in more than half of 
these countries, less than one worn in five wed 
contraceptives. Breastfeeding at cutent levels, 
‘compared with no breast-fcding, is estimated 10 
avert §3 million binhs per year (2). Using the 
same dla, we estimutethat breast Feding a global 
levels consist withthe World Health Ongzniza- 
tion (WHO) recommendations would further 
‘ace bis by another 12 milion annually 
Tn addition to other benefit, improved basic 
‘sanitation (suchas hand-washing and access to 
tole facies) an insprove ld nutrition in low 
income counties by reducing intestinal diseases 
that reduce nutrient absorption and cause loss of 
appetite (25) A robust body o iterate states 
tha the efcts of acute ness, particularly daha, 
inant childhood interact synergistically with poor 
slt o cause childhood stunting (26), Evidence is 


leo accumulating to show that ntrion-sensitive 
‘gricuure and socal protection interventions ct 
pstvely affect child nuttin (27,28) 


Breast-Feeding and NCD Risk 
Emenging dt show tht reas-feding plays a ole 
in racing NCDs, which n 2010 were eximated 
10 cot $863 bilion gloklly in mica expenses 
sna lost productivity (27: mbit and meality 
ras rat NCDs spas thse fom communicable 
diseases in every region but Aiea. Futherre, 
women who breastfed radue ther risk of hey 
NCDs, scoring 19 recent observational sti, 
‘These women experience vermis of ovaan and 
premenopausal beast cancer and type 2 dates 
(able 1) They also appear to have lowe isk of 
some adver cardiovascular outcomes (3). 
Furhernore dats are beginning to reveal tbe 
cffesof exly chilood feeding paterson NCD 
ko cle erin if (3. Systernatic eviews 
bf available evidence rom low and highsncome 
counts sgges tha cide who were rested 
Fleer mea blood presse and wal cholesterol 
(aswell as eer cass oftype 2 dares 32), 
Hoyvever. amare een sty rm ve prospective 
cohort in low and middle-income courts filed 
to substamite tese efits (23). Sil the role of 
ite patems of eomplementary eign ela 
tion to ak of NCD is veal explored (34), 
Unlike breastmilk, which evidence as proven 10 
be superior ty thr finds fran, no st feo 
Plenary foo eins prctcess shown tobe 
af beer quai ether for besiy 
sroveth in the short tem or for 
Teer NCD kin he lng te 
However, expos to high levels 
of st exty Hie may damage 
deelping Keys reposing 
an inva subsequent high 
blood pressure (35) growing 
amount of erate suggests that 
utils may devel die 
cna response ely node 
thn of itirent complementary 


"Fo (Ree 
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BB Mnimm tnimum meal] Minimum alee 69 
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iE Smee 
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Fig. 2. (A and B) Percentage of infants and children meeting ree- 
‘enmended breastfeeding and complementary Feeding paces. Data 
are from national representative surveys conducted in 46 lo and 
middle-income counties between 2002 and 2008 and reeesnt 2, 
‘58, and 22% af the population af chide yeunger than S yeas of age 
in Alia, a, and Latin America Caribbean, respectively. 


contagion. Oflen unmecognized, 
however, sa comparably strong 
conomic ional that exis for 
restos 

na 1970 pp that ster came 
hima Nobel Pre, Gorge Ako 
shove ht verapniy probs 
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can displace higher-quality products in instances 
‘where buyer canot discern quality (37, Such in- 
sSances of information asymmety fave long been 
secognize as marke furs by the US. Office of 
Maragerent and Budget (38). Breast mile i an 
‘example of higher quality good whose superiority 
‘elatve to init foul is very ic fo mot 
ct filly eresive. Asa nonmarket good, beast, 
‘milk defis contention priate solutions ine 
‘mation asyosmetry problems, such as product wa 
‘eso investments in brand-name reputations. 
Breas-Sing requis sucess intintion at ik, 
‘when moths are ulerasewonflene om me 
ical staff or family and placed to make inde 
pendent decisions. In addon, early use of infant 
femal hinders ler reasfesing For mbers 
‘who study or work ouside th home, breastfeeding 
equines place and ime fr expression and storage 
of milk, which may be difficult amangements 10 
gota individually with schools or employes. 
Hence, theres a fundamental and legitimate need 
far coondinted ation to protect breast-fecding, 
and history reflects recognition of this ned 

Inthe late 1970s, compelling accounts emerge 
of infants who became acutely malnourished or 
sled from contaminatl or died formula aller 
ffee samples were given to their mothers (39) To 
protect breast-feeding, the World Health Assen 
‘ly (WHA) adopted the Intemational Code of Mar- 
‘ting of Breast Substitutes in 1981 (40). The 
code provides guidlines on marketing sttegics 
assocated wih inereased formals feeding, such 
as diect promotion tothe public fre supplies io 
‘mothers and bath care institutions, and the use of 
‘by images on labels tat idlize ote-feoding 
‘Atotal of 12 subsequent WHA resolutions —the 
‘mos rocent in 2010-—have strengthened the i= 
inal guidance; nonetless,voltons continue (42) 
The 1990 Innocenti Declaration endorsed by the 
WHA set operational targets that governments 
should achieve, and in 1991, WHO and United 
Nations Children's Fund (UNICEF) launched the 
Baby Friendly Hospital Intatve to promote hos- 
pital environments conducive 40 hres eding 
Elements of sucess breas-focing promotion 
‘sates are well documented (42). 

In 1996, breast-feeding promotion was esti- 
‘mated tobe exceptionally costctective: $1.50 for 
‘och diateal death prevented in Latin America 
(43), This estimate placed breast-feeding promo- 
tion among the most cos-eectiveilersttions 
fr child survival, equa to other high-impact inter 
‘ventions such as immunizations. However, this 
assessment does not include the gsine in 1Q and 
‘actions in NCDs, which would make estimates 
‘of cost-ffectveness substantially more active. 

"The revlon in information ecology could 
finher combate to clini in breast eoding 
Jromoton. Timely delivery of intention tht i 
carl sensitive, specifi tothe issu at hand, ane 
authosative is highly efectve in geting mater 
tw eased exclusively (44), Cel phones cr smart 
‘hones have be fictive used fo communicate 
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Dea messages in HIV treatment (45) but have 
rarely been used in programs to promote breast 
fecding or complementary fering. Innovative use 
of these technologies could grelly improve the 
‘costeflectivenes of child mation programs. 
‘Ofte, fanding for breast-feeding promotion 
has declined (46) US. Ageney for Intemational 
Development (USAID) global spending on child 
‘ution, of which breast-feeding promotion was 
‘an important component decline from $16.6 ml- 
lion in 1999 to $13.3 million in 2003. Between 
1999 and 2005, investment in east-feeing in 
USAID's flagship maternal and child nuteition 
project declined from $4.9 milion to $2.3 mil- 
lion, while project expenditures fr prevention 
‘of mother-to-child transmission of HIV increased, 
reflecting the seismic shift m global funding pri 
‘ortes related to the HIV/AIDS epidemic. Do- 
‘ors other than USAID also cut funding (40). 
‘Da fiom Aion, Asian, and Latin Amica 
Carbheancourtrics supe! tha supportive plicis 
and programs ean markely fect exclusive breast- 
feeding percenages (Fig 1) In 1993, Ghana and 
‘nearby Mali hd reasonably similar rates (-8%) 
‘ofexclusive breast-feeding. Yet by 2005, the ates, 
differed by 15 percentage points, despite improve 
‘ment in both counties. Cambodia achieved = 
Phenomena gin in exclusive breast-feeding ates 
‘ofnearly $0 percentage points in S years, whereas 
in Bangladesh the rte slipped lig from 46% 
cover 15 year: in Bru exciive bras-eding 
increased 40 percentage points, from 3 10 43% 
‘betwen 1986 and 2006, but ove oughly the same 
Psi in Mexic, the excasve breast-foding rate 
decreased by 5 percentage points For Bri, a 
20-year chronology inks key legislative, policy, 
“and pogrammatic measures with improve east 
feeding practices (47). Thus, goverament policy and 
bic Health measures appear capale of efst- 
ing age gains in breast-feeding in some counts, 
even gen concurent increases in urbanization fe. 
‘male edocs, and employment tht are neti 
ally aoa with decines in breast dng ras. 


‘Current Breast-Feeding and Complementary 
Feeding Practices in Selected Low- and 
‘Middle-tncome Countries 
‘A big gap sil septs curent practices rom a 
‘opt breast feingecorimensations mo ae 
‘middle-income countries (Fig. 2) (48). WHO ree- 
fommends 6 months of exchaive breast-fsding, 
hut curent prevalence (36%) is much lower. Only 
bout half of 20-o 23-moro cl are beast 
fe, despite the recommendation tht all children 
Ihe breast for? years orbeyond, Alnus cary 
inition prevented about one-ifth of nsctal 
‘deaths in Ghana and Nepal (49, $0), less han al 
‘ofthe inns in 46 ow and mdle-income coun 
tre ae pt to the breast within | hour of it, 
(Global prcives in complementary feng in 
low-and mid-ncome couse are poor Fig 2) 
(48). Only half of cilden 6 to 24 months of age 
ret the rsommended minimum daily numbers 


fof meas, less than one-thind met the minim. 
criteria for daily ditary diversity, and only one in 
five breastfed children sisted the criteria for 
‘minimam acepable daly diet Moreover, thee ae 
‘wide difrences among countries with relatively 
similar come levels ln Fiopia, which had a 
ross domestic product (GDP) of $1100 in 201, 
‘only 319% ofchidrn 6 24 montis of age me the 
minimum standard of dally dietary diversity. In 
contrast, in Uganda, with an estimated GDP of 
1300 fr stme year. 23.6% of lenin the same 
age group ssi this eri ($1), Low national 
Income, though important, isnot the only imped 
scott proved complementary leding. 


Conclusions 
The prenatal period and he fist 24 mons of ie 
provide a 10-day window in which soul mai 
tion, especially adherence to recommended best 
feeding and complmenary feting rates, can 
smjrove not ony the ea of verbena 
young cides but bo the tajectory of aspects of 
thar wellbeing ard the heath of thir mothers 
However alge gap between cunent and bes prac 
tices exis Research cm how to cost im 
Prove the covergeo existing mton introns 
‘seeded to hep accelemte thei el inpets (7) 

‘Rescurh ie also nosed to beter understndthe 
biological mechanism though which the ects 
Jmproved breastfeeding occur, beeause random 
tin in hreas-oeing studies is nearly imps to 
schive, Most evidence derives fm observational 
studios whose inferpretations ae complicated by 
selfsletion, mesuerent emo, and resid eon 
‘undng (5) Knowles ofthe undying mele 
pruhvays though which breasted or bras 
nil fects speci ea outcomes, such as the role 
fof human mi sramadpenosin exposure and ily 
cinod weight gin (52) and ha fan mk and 
complementary feeds aft the gut merobice will 
snprove interpretation of epidemiological stdies. 

‘Aciiing a dacperundentanding of the most 
common breast-feding nd complementary feed 
ing difcubies and identifying the most eflecive 
strategies to overcome these eifficues is essential 
Surveys, ndamized interventions, and systems 
smulyses are necded to explore the fnctoning af 
hea care systems andthe behavior of health pro 
fessionals in relation to the persistence of impei- 
rents to eter feng practices, Hoth base and 
appli seach ar rue to develop an evidence 
thse set of policies and programs to improve 
complementary feeding. Finally, search seeded 
tor messin the popultion is tba to sub 
optial fing paces ane child mutton, aswell, 
‘the coe in mil eat and lt pctv 

“The beneficial tet on cid morality ane IQ) 
selon mtemal NCD risks of improved iio 
thrng the prnatal period and fist 2 years of lie 
sppoar large compar with other public hath 
terventons. Because breastfeeding rocton po 
vides the gress shor-erm benefit for chien 
living in poor envionment, investments in brent 


feeding protection and promotion wl ao imprve 
lob helt equity. Nonetieless. fining for re 
seach and grefer use of existing effective intr 
‘vention is low compared with other ife-saving 
child health interventions. 
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PERSPECTIVE 


Double Burden of Noncommunicable 
and Infectious Diseases in 
Developing Countries 


1. Bygbjerg 


‘On top ofthe unfinished agenda of infectious diseases in low and midleincome counties, 
‘development, industaliation, urbanization, imvestment, and aging ae drivers ofan epidemic of 
noncommunicable diseases (NCDs) Malnutrition and infection in eal fe increase the risk of chronic 
NCD in late ie, and in adult ie, combinations of major NCOs and infections, such as dabetes 

and tuberculosis can interact adversely. Because intervention against either health problem wil affect 
the other, intervening jinty against noncommunicable and infectious diseases, rather than competing 
for United funds, isan important pobey consideration requiring new thinking and approaches. 


2 1971, Oran (1) described how hel st 
disease pattems change overtime in sities, 
depending, amang other factors on the degree of 

Gemogrphic tnstion and me of esomemic de 

velopment, to result in an epidemiological tran 

sition. Like individuals, socicies havea “fe cyele" 

Ina “youn” socio inlectious diseases and nut 

tional deficiencies dominate; hence in children, 

dares and acute respiratory infections, inci 
ing measles and malaria, predominate: in pregant 

‘women, fetal loss, perinatal death fom under 

ten, Bleding, and nition are mje rks, ae 

inthe surviving aos tuberculosis (TB) and ocher 
diseases reste o poverty ae imptant cases of 
rmorbidiy, When socctis “gm up” accidents 
snd violence disabilities and deaths increase, 
mostly among the young, and although infectious 
sdseases seh a5 TE stil preva chronic noncom- 
smunicable diseases (NCDs) become more preva- 
lent, particulary in whan populations. In aging 
societies, NCDs predominate: ist ype 2 dishes 
snd cardovaselar diseases, flowed by caer and 
degenenive disorders. Simanconsly in exreme 

‘este need hse demographic pra ners. 
‘Demographic trasiton asthe main explanatin 

forthe growing NCD burden has, however, been 

questioned. Stckler (3), ina thorough analysis of 


apshagen Sal of bal Wah, Depart ote: 
‘ural el mrss Malay Fay teh 
‘Seng Univery of Coerogun, es Fnapsgae, 
DeAOD, CoperaginK Denna. mal yur 


causes that was published in the same journal as 
(Oman’s historical paper, pointed ot that partic. 
uly in low-income counties, economic grow, 
rnurkt integration, foreign diet investment, and 
urbanization together comelated tneefold greater 
to epidemiological transition than did population 
ging. The projections of dicase burden in ig. 
sre made by considering the combined effet of 
‘demographicl transition (popolation growth and 
Increasing life expectancies) and expected impact 
of changing liestvle, living conditions, and cco 
nomic development (3. 

(Onan (!) has ao heen cc fr ovelook- 
ing new epidemics of infections dscases, bu this 
sur could not have predicted the HIV epidemic, 
‘which disturb his medal st bck the epidemic 
Jcaland demographic tanstion ane mareimportnt- 
Jy, reversed the eluction of deaths tom infetons 
in children and young adults, particulary in sub- 
Stharan fia. Asa consequence, combating HIV 
snd other major infections and impeoving cl and 
‘tema health remained prominent among the 
Mien Development Gels (MDGs) set in 
2000, Similarly, the United Nations’ General As- 
sembly (UNGASS) in 2001 commited ll gover 
ments to combat the HIV epidemic (but ot NCDS), 
and, consequently, WHO and UNAIDS updated 
thei “Strategies for the Prevention and Con of 
Communicable Diseases" (4) In that document, 
NCDs—sueh as diabetes as a potential risk factor 
for ifectons, or TH in parcule—were not men 
tioned, None ofthe MDGs relate dietly to NCDs,, 


although Studer ef al (S) and othe have ine 
slated that MDGs may not be atined without 
‘aessing NCD a risk oF costs fr comm 
ricable diseases. 

Befare the tur ofthe millennium, some 
searchers (6) and the World Health Organization 
(WHO) (7) had pointed atthe danger of “double 
Tun of disease." such a the emerging epidemic 
fof chronic NCDS, in ation to the “unfinished 
‘agenda of infectious diseases” and problems of 
‘maternal and child health, Yach er a8) showed 
that evn in the poorest counties, mare deaths are 
caused by NCDs than fom infection, an that he 
WHO Headqarers spent only USSD 0 on chron 
ic dseases per dewth per person compared with 
USS7.50 for leading communicable diseases 
Yet in 2005, the WHO in ite egport “Preventing 
chron disases—A vil investment” (9) under- 
scored that NCD donot only it the old, the rich, 
and the fa develping countries eany the heaviest, 
‘burden of NCDs. In 2007, the World Bank (WB) 
ied smile om the conceptions, miscon- 
ceptions and challenges presented by chic NCD 
(10) 2011, pay 35a result of these eps and 
rovoked by continous lobbying by civ society 
and loding takebolders in NCDs, including the 
Intemational Union Against Cancer the Word Heart 
Federation, the Global Alliance agsinst Chronic 
Respiratory Diseases, the Intemational Diabetes 
Federation, and the Intemational Union Against 
‘Tubereulosis and Lung Disease, UNGASS com- 
‘mite governments o fight the emenng epidemic 
‘of NCDs, acknowledging hat NCD hit develop- 
ing counties bard (), When reading and com- 
paring the UNGASS declarstions trom 200 and 
2011, unforuratsy, he known and potential inks 
essen infstous diseases and NCD are birly 
vishle. Similar inthe 182 page 2008 WHO ro- 
por (9) andthe 188-page 2007 WE rept (J) 
NCDs, TB is mentioned once in each report, m= 
lana nce inthe WHO report, and HIV six and 
thee tims, respectively 

‘A major barrier for integrated intervention 
against the double burden of infections and NCDs 
‘muy be that their logics and pathologies a fist, 
lance appear tobe dumtrically oppose. As part 
‘of new public management, researcher, eat pro- 
fessionals, donor agencss, nd politicians are fen 
forced ofocs on apart heals problem to gt 
‘sil reals and fulfil elt comracs. Ata ime of 
‘lobal financial rises and shrinking beats hud 
there isa threat that the bate again commen, 
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and fture heals problems, both communicable 
land noncommunicable, may become a fight for 
funds to contol ether health problem, rater than 
‘fight aginst the double burden of disease, 

‘A key question to be ansvered before seting 
rors and allocating (oc realleating)resoures 
forheah beyond 2015s whether the sharp demu 
‘ation between cormanicable diseases and NCDs, 
‘hich is apparent in most projections of global 
‘morality and burden of diease—including WHO's 
in Fig, | is jstied when both muy hit the same 
individuals and soci. in the filling, [high 
Tight some potential and verted links between 
diseases and discuss possible ways of addressing 
them joimly andr without unnecessary compet 
‘bn fr financial or human resources. 

IntensfVing interventions against joint risk 
factors for NCDs-—inclding diabetes, cron ob- 
sinictive pulmonary dseate, some cancers, ad 
agains major infectious disease, TB—by fght- 
‘ng malnutrition (12) and tobacco and alcol use 
‘san obvious roy Preventing common cancers 
by yaceinatingapnint he vis that induces them, 
including human papilloma virus (HPV) and 
‘hepatitis B (HBV), is another pricy. 

TENCDs could be prevented by sping ms- 
‘eral and chil heal it would be weleamed by 
policy- and decision-makers in low and middle 
income counires (LMICS}. But how much ae 
[NCD inate rated to Lhe in mors ed 
shlden? Inde, nietion and deficiencies in pre 
‘ancy, suchas malaria and anemia, offen result 
fetal and marl loss, remand law ith 
‘weight (13) adit is established tht undmutiton, 
and communicable disease in childhood do iter 
act (14). his ess well now that adverse events in 
Cl playa naj in cardonasclar diseacs 
and diabetes. Inthe 1980s, Barker and Osmond 
(15) found that ischemic heat disease morality 
rates strongly correlated with neonatal and post- 
neonatal morality $0 years eater. This prompted 
Hales and Barker's “thrifty phenotype theory,” 
‘ow confirmed, that low bith weight may induce 
carly debut of cardiovascular disease and type 2 
dahetes (16), as alo desenbed hy Luter and Liter 
in this ise (17). Thus, itensiving programs to 
‘improve materal and child health cold reduce 
ris for NCDs. As we have proposed, and present- 
lyr investgating in Past fica, metabolic disease 
fn adult life may even be preven hy mali 
‘conto in pegnaney (18), Baker and Osmond (5) 
swe that poor nuton in early bie ines 
susceptibility tothe efits of more alent dit 
Inter lie, In my LMICs, a utitonalansiton 
‘may tke place in single generation, ants pos 
stl dha indction of msn resistance by epi 
tie slencing of nsulmregulting soncs&m wow 
could be the mechanism (/9}. Inulin resstnce 
induce in early life may be reversible, but ifeach- 
up growth is too fis, some data point at an in- 
ceased rik of low-bnsyight children bocoming 
obese (20) Breas Seating is suongly recommend 
fark as well as nom btt-weight and large 


(exci) babies wel tts gins din, 
repr ines and ty (2, Overweih 
res and igh svg nents ar at igh 
tak orden dab (2), Promotion of ret 
fEesing would bea low-cost low-hanging al or 
the prevention of NCDs aswel nto (17) 

Ssening fr gestational bss could be par 
ofan erate anna care rogran lng Wh 
sereing fran prventon of ala, HI ard 
HBV tmnsnission fom mor och HIV 
crete the rk for HPV indus ceil cancer 
‘hme, and SPs of cervical cane ess coca 
MICs (23), Pres highl flcctive bu cosy 
_vecinton gai HPV msn valle in ih 
‘peo cones hn oxen puns HBV 
‘coal bain put fel paras 
ca iseuniation een a LICR preventing ce 
“asi a ell a canara ive 

The HIV cp tat us he kr 
‘loping TE ners mor thn rl whe 
(ses a pcan spot tk alt 
10 yeas etre the WHO and UNAIDS managed 
to age on gels fo the peri of cl 
[orate TB sl HIV pga ais (24) HIV 
pls mba ao gaily alt fama beth 
ews, ok 20 seas to alae moneda 
oso wt igh ha oy (25, Hopi 
sags fb combing the double Barden of 
rable dices and NCDs hive sh nc 
bation ime. There re some nice sori. 

Diabetes intacton seth TH was rsognizad 
coy but ie forgot by cnc and public 
health experts when TH dosti in the Wes 
work Only when dst ose exponentially in 
TB-proalent LACS were intone and pie 
cams fr cons review (24) This view ard 
ther publetions document tht the rile for 
developing TB erases etl in bei, rd 
{ha TB may in um erase the rk for pe 2 
abet by icine cose lence an ee 
iran see oro (2), Frat bese 
sons lnm oe he HIV TE romp 
‘ch ier ein othe looming epee of 
dabeesasocisted TB 28) A trevor has een 
sthished in ess than $ yeas to guide mation 
Frog, clin, an has ene ae uf 
oben cm ho estab coors 
{obo cast organizational nd cnc evel 
1 Chin, na, and she council igh be 
dens of both dnc. nes rgras Sr dl 
srsring and management ar no beng aldo 
(29) One example of applying manage! ols 
from TB del the management of dabei 
Joon coun the secs oduon 
"DOTS for Dias in Malai (3, 

‘As allan Mr, the ie of pay hel 
car” sued bck in 1966 (37), when tong 
to convince dois ker tht double ban 
of dscase rss rd col statin da 
shuld bein in te primary eh care sto (12 
‘should ot be frst th “neat 
tein a lasers approach, es es 
invotvemant ofall spied pence! sich a 


"2002 10 
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HIGHINCOME COUNTRIES 


Fig. 1. The proportional distribution of disability 
adjusted life years, contributable to infectious 
diseases and NCDs for (top) the word, (middle) 
highsincome counties, and (bottom) low-income 
‘counties for 2002 and 2030 G. 


programmes opps orsandassesors" Thus, 
‘when adjusting heal systems to meet the chalk 
Tengss ofthe douhle burden of dicase, whether 
caned by aging or changing living conditions or 


‘opment to environmental change (33). 
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PERSPECTIVE 


Why a Macroeconomic Perspective 
Is Critical to the Prevention of 
Noncommunicable Disease 


Richard Smith 


Effective prevention af nancommunicable diseases wil require changes in how we tive, and 
‘thereby effect important economic changes across populations, sectors, and countries, What we 
do not know is which population, sectors, or counties will be positively or negatively affected 
by such changes, nae by how much. Without this information we cannot know which policies 
wil produce effects that are beneficial both for economies and for health. 


Clu fram 1959 1 1974) sai thal (soc- 

cr) “not just a mater f ie and death, 
its more important than that" For economists, so 
‘re noncommunicable diseases (NCDs) (1). Not 
fonly ate the ects of NCDs fle thmughont the 
‘coomamy (Table 1, but since the agents contin 
to NCDS are influenced by our lise, fective 
preventive polices a likely to nclade mechani 
that themselves have appreciable economic impacts, 
such as taxing softdnnks, incresing the wse of 
publi transport of promoting lower poling ener 
ay sources (2,3), Alou the impacts of such 
policies may opove heath, dhere wil be substn- 
five eco impacts as they apple out thrash 
the econo, generis ifr elects across 
various sectors such as housing. ansport, and ag 
ricnltre, These economic elcs may generate yet 
futher health effets, which themselves then feed 
ito the economy, generating yet more eyeles of 
celfects. Tis intercon and reipeity beeen 
[CDs an the economy highlihts the erica ned 
far a mperweconomic pespective in the design, 
‘implementation, and evaluation of preventive pol. 
{cist tackle NCDx 


B il Shankly (maser of Liverpool Football, 


esi jst avai Faia Pac Heath ad Pa, 
lundn Sal jee snd repeated, 152 ask 
Pc ann NEL 3H, Ut oa tarda, 
sch 


Macreeznomics as compar with mieweco- 
ones (which focused ype “paral ula 
within» single sector, such as for housing or meat 
3s concerned with gener) equ acts all, 
sectors, and thas how changes in one sectr (cg, 
Increase in pice) lfc ther sectors, wi al ese 
cunges together comprising te ove “economic 
linpoct” ofa single change (4,5), For instance he 
Smpact of pandemic ndenza on the healthcare 
scr i nal compared with efector goss 
domestic product (GDP) dough igus on other 
sectors (eg. hotels leisure, vel), which are a 
consequence of clans in individual behave in 
response to pandemic teat and the mitigation 
policies themes (6,7). 


Why ls This important for NCD Prevention? 
NCDs, such as diabetes, cmos, and bea disease, 
dice foe infectious diseases, such as pandemic 
ins, a they are not tansmited rom peso to 
ero although thee is evidence merging in the 
socialsciences of “social contagion," were sci 
ctworks appt influence the prbeblisy f be 
sity for instnce (8), However, they alo dir in 
that they are nisl ites dsenes,aned hence 
the cause and impact are inked in a mulilicity 
of ways to everyday economic activity (Fig. 1) 
NCD-related health (Fig. 1, box 1) 
smined directly by risk factors (Fig. 1, box 2), 
‘hich include genetic predispsiion 16 disease, 


such as diabetes and heart disease, but abo by a 
-nge of oer social determinants of eat, which 
refer tothe gene conitons in which people ve 
and work, inluding levels and types af employ 
‘ment, ewionmental conditions, ane ecaion (9) 
“These social determinants, cont tothe rk of 
sliferent diseases, such a pollution eae dieses 
and cancer They are als intimately inked with he 
Douseold and individual (Fig. 1, box 3), which 
present how people behave and crucial invest, 
(or disinvest) in thee heh by what hey consume 
and in the actives they undertake (8) Far exam- 
le, cancer and at daar wl ected by 
skvsions conceming simaking,alebol consump- 
tin, and execs: But sk wil abo inne house 
‘hold and individual behavior For insance, a 
individual's knowing tat they have a higher = 
etic rdk of heat disease may modify individual 
‘consumption of fist food. The healthcare sector 
(ig. 1. box 4) comprises goods and serves c- 
‘sumed by houscholds principally to improve bls 
satus Although these atfct NCD-oated beak 
sdrcly they also inet on th househol exon, 
‘which ulimatly pays for them dough tation, 
insurance, or ostopockst The evel of iba 
‘used by NCDs wil la eed back nd inact on 
‘the household ths fuer affecting the sk ther 
Tals problems though reducing household in- 
come, and feed inks ealheare provision thrush 
‘hoping the demand for services, and ence profile 
‘of provision (eq, more insulin prescriptions 
‘Accviy in all non-healae seco inthe ceo- 
omy (Fig. box §), such as agrultr, mana 
‘uring, and ecabon. npc on the previ ee 
‘components and hus NCDs: tis wel established, 
forinsance, ht “wealhierishelhice" (10, 1, but 
that wealth also brings an increase in NCD risk, 
sch a ough changes in dietary his, wis he 
‘suggestion that in some cases this means hit coo 
‘omic rcesons can have postive heh bene 
(12). As counties row wealthier, thee populations 
experience mcresed desi and aval of 
Frocese fond, pethpe mostly sticky indict 
by the experince of ome Paci sland populations 
‘where tational dicts have been displaced with 
Fight impor fonds and conconstant in 
crea in obesity mates and NCDs. Simi the 
‘mmnstormation of food ret as counties Bocae 
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Fig. 1. Noncommunicable diseases and the mactoecanomy. 


nor ity in the globel tang sysiem bas 
faa a poorest to the onsen 
proces fd and mination isto! ots 
uve made substan vestent in owing > 
nai (/) Wiss acepte ha eats postvey 
lit the geal coy oh 3c, mare 
‘luca and mare prada woke (14) oe 
Secu as aber moves fon one cour location 
to aoicy genase dict dough he 
snes canal by comomie and socal decation 
snd inet by ncesing poverty (15 Enno 
Je vel-bang tx tes and ober apes bo alt 
bth speming 

Final: afucees beyond our plicable 
set on these components (Fig, 1, box 6) Fare 
Stance, climate change is lob ive with lca 
onsepnce for NCD rk ators. Problems wah 
Subp ling iat Une Stas, he Ear 
criss, will fet household employment, income, 
fn nation in the Uniod Kingdom, tn. The 
‘gation of beh profssnas acs the abi 
to provide sonics raed Io teat NCD 


Prices Are Pivotal 
For economics prices ae piv. They enable ex- 
hnge of goods and services and, cricialy, deter 
mine the point of equllbrum, where demand and 
supply are balanced. Any change within the eco 
samy wil act price rc or inde hich 
veil then dst tis balnce, ned eacs sector wll 
then have to adjust to anew equim thr 
changes in ober prices It simple, rely as 
tomatic, system that has peofound implications for 
NCD prevention hse bythe caren eni- 
sawn fora “Tt tax” asa mechanism foe boing 
‘consump of fc igh in sat fit huh 


their price, Such te fas been me 
piesa Dena ond Hongay en i ow 
being considered by many others (16, 17) 

The argument is simple. The current price 
of foods igh in saturated ft doesnot adequate 
ly reflet the negative health effects, leading to 
overconsumption (compared to a hypothecated 
csilibam where such health effects were cap- 
tured in the price). Government can apply a tax 
toraddres this "market fle” which inereases 
price. We know that, in general. increasing price 
Jeads to a reduction in demand, which reduces 
consumption, and thus should reduce rates of 
NCD. Microcconomic, partial-quilrium anal 
ysis wll tell us how sensitive this demand ist a 
change in price (which we know is actually not 
‘ory sensitiv in the case of most foods) and thus 
by bow much price needs to increase (usually 
therere, alt) (16) The problem, froma macro- 
economic perspective, is thu it doesnot tell us 
‘nything all about how other sectors will adjust 
tnd thus we cannot know what the overall net 
Jmpact on the wider economy, ar even health 
ws actly be. 

Consider an example where such a tx in- 
creases the price of bee. Hov might consumers 
react? Any change in price will cause a recal- 
‘bration of expenditure across the range of goods 
tnd services that individuals consume, oot just 
beet At the extremes, consumers may cir 
reduce spending on bec, to keep spending om 
everything else the sme, or spend lesson smc 
thing els to keep beet consumption the same, 
What are the implisations of these to scenarios? 

If consumers reduce their demand for bee, 
then beef farmers will experience reduced in 


‘ome, Remember thatthe price is higher as a 
result ofa tax, and hence this extra revenue per 
‘unit of beef goes not to the farmer, but 1 the 
[govemment generating further questions about 
‘what ths tx revenue would be spent on, suck as 
subsidizing fit and vegstbles versie reducing 
income tax, and the implications of that, which 
‘we don’thave time to consider here, As beet 
is less atiractive to produce, farmers wil trans- 
fer production to other products. Which other 
products is then the entical question. I it is 
biofuels, for example, this may have positive 
clfcts on the environment and thus further de- 
‘crease risk factors far NCDs and mip the 
Dal effect. Alternatively, if farmers switch to 
producing lamb, the increased supply will mean 
‘thatthe price of lamb wil fll, and it may lagely 
replace bectin the national diet, negating health 
‘henctits frm reduced bec consumption, 

Farmers could insted focus on increasing ex- 
pons of beef, this increasing consumption, and 
Intes of NCDS, in other countries and efzctively 
“exporting” the health peoblem. What if the beet 
‘eonsumed in one country ie imported fom an 
‘other? In this case itis possible that tx may not 
be able to be levied. sit may’ violte World 
“Trade Organization requirements ifthe country is 
amember state But if “ft tax" could be levied, 
then there are ccononie advantages as Tess i= 
come would be transferred overseas as beef 
impons declined (which will afet balance of 
payments and currency valuation wit ahr spill 
‘over effects), However, agin there could be neg 
ative health and economic implications foe the 
‘countries fom which the beet was imported, For 
ccuample, although changing toa healthy diet may 
bbe beneficial forthe United Kingdom, if this i 
achieved through reduced imports of bee, then 
Brazil (asthe word's lamest exporter of beet) may 
‘cea substantive negative impact omits economy, 
and consequently its population's health (18). 

‘But wha if consumers keep consuming bef, 
and instead spond lest om something else? Iles 
isspen on fut and vegetables, for example, then 
this could make health worse, Alternatively con- 
‘sumers may spend less on ear tave, which could 
hhave further positive health benefits form m= 
dluced emissions, or spend lesson leisure activ- 
itis, possibly having negative beats implications 
ffom reduced exercise and certainly having eco- 
nomic implications forthose sectors, Or they may 
spend less on flat-screen televisions or computer 
‘games, pechaps generating pesitve heath etc 
it this leads to increased active leisure pars. 
‘As above this pending redaction may fle im- 
ported goods, generating eflets onthe balance of 
payments of ether countries and exchange res. 
‘The ripples continue. 

"Thus, we know that such a food tx would 
impact directly on consumption pattems, but a= 
ter that we know litle about what will happen. A 
fod tax will fet the risk of NCDs in a ups 
sltable manner a it begins to indnetly inte 
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nce other sectors in the national economy and 
interface withthe rest ofthe wold If the net ef 
fect isto increase heath then this should feed 
positively into the economy ise, by reducing 
‘balthcae cost nd by improving Woekforce pro- 
duetvity: However, we donot know that this will 
be the effet, because we da tot consider the 
‘oar macroeconomic piste 


What Is the Solution? 
We know that & more comprehensive and ine 
teed esanomic approach is equied for devel 
‘oping optimal sags for preventing and coping 
‘with NCDs: the health sectoralone cannot achieve 
the requir reduction in NCD, We also know 
that there willbe differential effects fom these 
strategies across populations, sectors, and coun 
tres. What we do nat know is which populations, 
secors, OF countries will be positively or neq 
tively affected, or by bow much, 

‘As indicated above, to generate the most ef 
fective and acceptable policies to impnove NCD 
prevention there is nee to engage with macro 
‘conomic factors to generate optimal prices sub- 
sides, safety nets, trade agreements, and sofort 
if county decides its advantageous to age its 
Population evan healer behavior. This presents 
several challenges, suchas the specification of 
‘causal pathways and mechanisms to reconcile 


and balance non health (e., employment) ver- 
sus heals outeomes. Ths, to make the unknowns 
known will require a substantial paradigm shift 
‘nacademic, professional, and policy circles (19), 
CCeitically,stadis eanceming the whole economy 
cect a global level are required, Cument ev 
dence tends to focus ether upon the broad, gen 
sal ect of changes in disease upon the econ, 
corof changes in the economy upon disease (12), 
tor focus upon a specific sector (eg, stukescon- 
‘coming “at anes” tendo consider te impacto 
price increase only on the food of intrest) (10) 
‘ery few studies consider the eros-sectoral or 
cross-country causes or impacts of NCDs, and. 
measures that may be used to prevent NCD, oF 
integrate the economic and health effets (18), 
Yet without this information, we eannot know 
‘which policies wll prodoce net beneficial eet, 
forthe economy orheath, or what countervailing 
polices may be required to minimize negative 
spillovers. 

Because NCDs affect the economy $0 pro- 
foundly and pervasively, we also need to quantify 
these effects, as it often the economic ease tha 
swings the agenda and mobilizes resources. The 
history of communicable disease inthis respect, 
provides valuable lessons, The economic impact 
of HIV/AIDS, tuberculosis, and malaria in 
Prticular was important in moalizing initiatives 


Table 1. Projected foregone national income due to heart disease, stroke, and diabetes, 2006 to 


2015 20) 
cumulative GOP loss 
Foregone GOP (US. $ billions) dics urea ees 
2006 7s 2015 
(as a percentage 
of 2006 estimates) 

hina 01 a4 uz 
India 13s 196 us 
Rusia a9 164 no 
Brasil 033 oso 350 
Indonesia 033 053 158 
Mexico 048 039 16 
Turkey 039 052 13 
Pakistan os oat a0 
Thailand oz 018 350 
Bangladesh 008 ou vs 
Ukraine 013 03 300 
Enypt on oa ws 
genta 013 018 1s 
‘Burma 003 006 200 
tran 008 013 17 
Poland oa7 2 33 
South Atica 06 oa 13 
Philipines 0.08 007 13 
Colombia oo7 010 350 
Vietnam 02 003 200 
Nigeria oz oz 100 
Ethiopia 003 003 300 
DR Congo 0.00 003 140 
Total 6a oa 
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‘ach asthe President's Emergency Plan foe AIDS. 
Relief and The Global Fund to Fight AIDS, Tu- 
‘herculosis and Malaria. This was due in pat 10 
the WHO Commission on Macroeconomics and 
Health in 2000, which established firmly that n= 
‘vestments ta reduce sch dscases would be pri 
‘mary driver of macroeconomic development (/4). 
Having HIV/AIDS asthe first healh- focused UN 
high-level moctng in 2001 was also prompted by 
the devastating effect the vines was having on 
‘African economies (J). The second health- 
focused UN high-level mecng onthe NCD chal- 
lenge, in 2011 also stressed the economic impact 
‘of chronic disease (/), With the resolution of the 
‘6th World Health Assembly in 2012 to reduce 
remature deaths from NCDs by 25% by 2025, 
the imperative now is to Frmmulate strategies 10 
achieve this tags. which requires ust recognize 
that NCD prevention i “no just a mater of lie 
and death it's more important than that" 
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Neighborhood Effects on the 
Long-Term Well-Being of 


Low-Income Adults 


Jens Ludwig.?#* Greg. Duncan? Lisa A. Gennetian,* Lawrence F, Katz“ Ronald C. Kessler,® 


Jeffrey R. Kling,?” Lisa Sanbonmatsu® 


Nearly 9 million Americans lve in extreme-poverty neighborhoods, places that also tend to be 
racbally segregated and dangerous, Yet, the effects on the well-being of residents of moving out 
‘of such communities into less distressed areas remain uncertain. Using data from Moving to 
Opportunity, a unique randomized housing mobility experiment, we found that moving from a 
high-povery ta lower-poverty neighborhood leads to lang-term (10- to 15-year) improvements 
in adult physical and mental health and subjective well-being, despite nat affecting economic 
salf-sufficiency. A 1-standard deviation decline in neighborhood poverty (13 percentage points) 
increases subjective wel-being by an amount equal tothe gap in subjective wel-being between 
people whose annual incomes differ by $23,000—a large amount given thatthe average 
‘control group income is $20,000. Subjective well-being is mare strangly affected by changes 

in neighborhood economic disadvantage than racial segregation, which is important because 
racial segregation has been declining since 1970, but income segregation has been increasing, 


early 9 million people in the United 

‘States live in“exteme- poverty” neighbor: 

hoods in which atleast 0% of residents 
Jnave incomes below the federal poverty thresh 
old, which for 2011 equaled about $23,000 fora 
family of four (J, 2), Such neighberhoods also 
tend to be racially segregated, with high rates of| 
crime and disor and low-quality public ser- 
vices (3). Studies dating back as far a the 7th 
century ave shown tht people living in dstressed 
‘neighborhoods have geiter criminal involvement 
and fare worse on educational, economic, and 
health outcomes than do those living in less dis 
tnessed areas (6). These patems have generated 
‘long-standing concer that distressed neighbor. 
hood environments might themselves adversely 
alfect people's lives and “doubly disadvantage” 
thei low-income residents) 

‘But much uncertainty remains about the de- 
sree to which variation across neighhorhoods in 
people's outcomes reflects the independent caus- 
A effects of neighborhood environments per se 
instead ofthe propensity of dllernt types of oo 
ple to live in diferent acas. Eyen the most de- 
failed data collection effort may be unable to 
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measure adequately all of the individual- or 
familylevel characterises that influence both 
neighborhood selection and lie outcomes. This 
‘ype of “electom bias can substantially distort 
ronexperimental estimates of “neighborbood e€- 
fects” (7). et, determining the importance of 
changes in people's neghbochood environments 
for their ie oucomes isa central issue foe the 
social and medical sciences and sei policy 

‘Anundesstanding ofthe mechanisms through 
‘which neighborhood envionment act poole 
lives ia crcl issue for poicy design. Mach of 
the dehate among rexerchers has focused onthe 
relative importance of residential mail segrega- 
tion vermas economic segregation. Nearly 70 years 
go, Gunnar Myrdal argued that racial egress 
tion enabled policymakers o reduce the quality 
of public services to blacks without harming 
whites (8), 2 cancer echoed by the 1968 Na- 
tional Advisory Commission on Civil Disorders 
(the “Kemer Report) (9). Douglas Massey and 
Nancy Denton subsequently argued in their 
widely cited 1993 book smerican Apartheid tat 
“residential segregation has been instrumental 
Jn creating a structural niche within which a de- 
leterious set of ates and behaviors —a eal 
ture of segregation—has arisen and ourished” 
(0) p. 8 

In contrast, William Julius Wilson's landmark 
1987 book Dhe Truly Disadvantaged argued that 
the ight of black working- and mide-clas fam 
ies out of ghetos inthe 1960s and 1970s was 
haf tothe families who remained behind not 
because of any increased racial seyregation, but 
rather because this exodis removed “mainstream 
role models that help keep alive the perception 
that education is meaningful that steady employ 
rent is a viable altemative to welfire, and tht 


family stability isthe norm, not the exception” 
[UD p. 49), Subsequent work has examined 
‘other pathways though which spatially concen- 
‘rated disadvantage might affect people's lives, 
such as declines in “collective efficaey”—the 
‘willingness and bility of community residents 0 
‘work together to support shared noms (3,5). 

Distinguishing the effects of changes in racial 
‘versus income segregation also helps answer the 
question of whether the pablem of harm neigh- 
bochoodeflzcts on disadvantaged populations i 
geting beter or worse aver ime, given opposing 
recent tends in US. residential segregation by 
‘ce and income. Specifically, racial segregation 
in Ameria pee in 1970 and has been declin- 
ing over the past 40 year, to levels nt seen since 
1910 (2), whereas income segrezation has been 
increasing since 1970 (3. 1) 

“This paper examines the long-team effets of 
‘moving ino a les distressed neighborhood envi- 
ronment on the well-being of low-income adulis 
using new data fom a unique, large-scale ra 
‘domized socal experiment: the US, Department 
‘of Housing and Urban Development's (HUD) 
Moving to Oppartnity (MTO) demonstration. 
Via randoms lier, MTO offered some public 
‘hosing families bt not besa chance o move 
into a less distressed area (supplementary mats- 
‘ils, section 1)- MTO randomization generates 
large, persistent differences in neighborhood cos- 
dlions across otherwise comparable groups of 
families and enables us to atibatediferences 
in postiaseline outcomes across group to the 
MTO-assisted moves: 

Unlike many socal experiments tht follow 
people for short periods, we fused on long 
temn elects through in-person data collected 10, 
to 15 years afer randomization. We have shown 
dsewhere that MTO moves have longterm bes 
ical elects on a narrow but important ct of 
physical health measures, related o extreme ob 
sity and diabetes (15), The implications for how 
‘neighborhoods alfect the overall quality ofthe 
lives of pariipaing files were not adresscd 
in that work. 

We used date fom the MTO experiment 19 
‘amine the long-term effects of moving to less 
lsteseed neighborhoods on broad measures of 
the well-being af low-income adults: We examine, 

bjective” outcomes (economic selfsuficency, 
physical health, and mental health) that have been 
the traditional focus of this iterature, We also 
took a new approach in examining experimen- 
tal neighborhood effects on a comprehensive 
measure of people's quality of life as they per- 
ccive it using adult seléreports of subjective 
well-being (SWB). And, we investigated the 
relative importance of racial segregation versus 
income segregation in affecting the SWB of low- 
income adults 

The MTO experiment. From 1994 to 1998, 
MTO cerolled 4604 low-income public housing 
files ving in high-poverty negro wile 
in five US. cities Baltimore, Boston, Chicago, 
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Los Angeles, and New York. Families were n= 
domized into three groups: (i) the Low-Poverty 
Voucher (LPV) group, which received housing 
‘vouchers that subsidize private-market rents but 
could only be used in census tracts with 1990 
poverty rates below 10%: (i) the Traditional 
Voucher (TRV) group, which received regular 
housing vouchers without any MTO relocation 
constraint; and (ii) a cant group, which re- 
ceived no assistance through MTO. Some 48% 
ofthe adults assigned tothe LPV group and 63% 
fof those assigned tothe TRY group managed to 
relocate using an MTO voucher (the MTO “com 
plance mite") Because the effects of LPV and 
"TRV assignment on neighborhood conutons con 
‘verge overtime, and to maximize statistical pow- 
We inal present results that poo! the two 
treatment groups together. (Separate estimates 
forthe LPVand TRY groups rein tables SI to $8) 

Data fom baseline surveys collected trom all 
|MTO adults shows these files were quite ec 
‘onomically disadvantaged when they applied 
for MTO (Table 1), Most household heads were 
Afican-American or Hispanic females: ess than 
“40M completed high schoo. By fa the most 
‘common reason applicants reported signing up 
for MTO was to getaway ftom gangs and drugs, 
‘with around tree quarters reporting this as one of 
their top two reasons for waning to move 

‘Being a random assignment experiment, the 
dssbtion of baseline charactensce wae lances 
betwee the tsaiment snd cont groups, Among 
the 21 baseline characteristics reprted in Table 1, 
‘only vo teatment-contol differences ae signi: 
icant at P<0.10, and nove is significant atthe 
P-<0.05 threshold. An F test fils to reject the 
‘ull hypothesis tat teatment-contl diernces 
inthe baseline variables shown in Table | are 
joinly zero (P = 0.452), 

Measures. ‘To measure long-ienn effects of 
changing neighborhoods on aduls in the MTO. 
‘demonstration the Insite for Social Research 
at the University of Michigan—under subcon- 
tract wth ur research team collected in-person 
data from participants 10 10 15 years alr ran 
dom assignment (hereafter “long-term survey") 
(supplementary materials, section 2), Interview- 
crs were blinded to the MTO group assignments 
of ptcpating families, The effective response 
rte for MTO adits was 91% and was simular 
‘cross randomized MTO groups 

‘To measure the neighbeehood conultons in 
‘which famiics were living during the fllow-ap 
study period, we linked adress information for 
[MIO sls to census tet-level data om pop 
lation characteristics from the 1990 snd 2000 de 
cena censuses andthe 2005 to 2009 American 
Community Surveys. Our main results focus on 
ddurtion-weighted! tact characteristics averaged 
‘over the entire postrandomization study pened 
Ibeeause people’ lie outcomes may depend on 
‘cumulative exposure to neighhorhood envion- 
‘ments, not just current neighborhood conditions 
(16), The long-tem surveys also asked MTO pare 
ticipants to sel-rsprt om conditions ofthe neigh 


bovhoodls and housing units in which they were 
living athe time, 

To measure neighborhood effects on tration 
“objective” measunes of wellbeing, we consrot 
summary indies of long-term adult outcomes in 
the domains of economic self-sufficiency, phy 
ical heal, and mental heath, We focused cn 
‘edule in par cae of ourinterest in well-being 
over the long tem, which may not yet be evident 
forthe MTO children, Our outcome inlces are 
constructed from a set of individual outcomes 
that are rescaled so tht higher values represent 
“ete ostsomes and then conver 1 scares 
by sing the conta group distribution, Agar 
sting outcomes mpries tatisical power to d= 
tect impacts and reduces risk of false poses" 


fom examining numerous outcomes (7). To 
reduce the risk of fle positives duc to dat 
‘mining, we examined outcome indices that Were 
especie fr the interim (5-year) MTO fallow 
). 

We also examined  selfseported measur of 
comprehensive SWEL—the fir time the effect of 
‘neighborhoods on SWE has heen asscsed in a 
‘experimental analysis, Our primary measure of 
SWE is based on responses tothe following 
{question from the General Socal Survey (GSS) 
that we included on our long-term filly sur 
vvey of MTO adults: “Taken all together, how 
‘vould you say things ae these day-old you 
‘sy that you ae very happy, prety happy, cr not 
too happy?” (17). This fp of appinees gue 


‘Table 1. Baseline characteristics (1994 to 1998) of adults interviewed as part of lng term survey (n = 
43273 Interviewee), by randomized MTO treatment status Mean values represent shares, excep or age 
and income; missing values have been imputed (except income). Values are weighted t account for 
‘changes overtime in treatment assignment tkehood and for the follow-up survey sampling design 
(Gupplementary materials, section Y).*™P < 001, “P< 0.05, "P-<0.10 on twrtled test of diflerence 


betveen MTO treatment and contol groups, 


Control IMTO treatment 
group (oucher) groups 
= 19 err 

Gender and age 

Female 0978 09a 

‘Age as of 32 December 2007 (years) as 446 
Race and ethnicity 

Aion American (any etic) 0.660 640 

Hispanic ethnicity (any race) 0.308 0325 
Other demographic charactarsics 

Never marti 0637 0623 

Working 0.245 0270 

High schol diploma 0361 0367 

General Educational Development (GED) certificate 0199 036s 

Receiving Ald to Families with Dependent 

Chileen (AFDC) 0763 0752 

Household characteristics 

Household income (2009 dollar) s12a3864 512,833.64 
site 

Baltimore 0.35 0236 

Boston 0.205 0203 

Chicago 0.205 0206 

Los Angeles 0.226 0225 

New York 029 0229 
Neighborhood characteristics 

Household member was crime victim in past 6 months oats oars 

Very dissatisfied with neighborhood 0.67 are 
Primary or secondary reason for wanting to move 

To getaway from gangs and drugs 0779 0770 

Better schools for children oe ost 

To get a bigger or better apartment 0.457 ao 

Ta get ajob 0.069 se 
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tion yields resus similar to those from questions 
bout general lite satisfaction: both provide 

hal retrospective assessments of haw pepe 
think their lives are going and are increasingly 
‘used to assess public policy impacts (18). We 
‘used the same three-point response scale asthe 
GSS to benchmark MTO against national sam- 
ples; tadeofs withthe sealing re discussed in 
the supplementary materials. Another reason 
‘we focused on adults is beeause more is known, 
bout measuring SWB of adalts than of yout 
(19), SWB was not included inthe interim MTO. 
survey but was added to the long-term survey 
to be one of the key summary measures of the 
ret impacts on families from moving toa less 
distressed neighborhood. MTO controls are 
slightly happier than adults in national surveys 
‘with similar sociodemgraphic characteristics 
(able $2), 

Methods. We conducted intenton-to-teat 
(ITT) estimates that eapture the effet of being 


offered the chance to use an MTO voueher to 
rove into a different neighborhood. These es 
times were calculated as the diffrence in a6 
erage outcomes far files assigned otretment 
versus those assigned to the contol condition, 
ITT estimation assumes that randomization was 
cried out coretly, that there is no selective 
attrition in measuring outcomes ueross groups, 
snd that MTO's effect on a give fama i inde 
Pendent ofthe treatment status of or fais, 

We also used the MTO experimental data to 
cstimate the relationship between outcomes 
snd some specific neighborhood atributes W., 
‘sin Eg. 1, Ordinary Ieastaquares estimation of 
Eq. 1 muy yield biased estimates beeause af 
posible corelation of W with unmeasured in- 
dividual characterises (e) that influence both 
neighborhood selection and outcomes, . We in- 
stead wsed two-stage lesst-aquares to generate 
instrumental variables (IV) estimates, wherein 
the first stage of the equation we used interactions 


‘Table 2. MTO effects on postrandomization housing and neighborhood cantons of adult paticpants 
interviewed in long-term survey. Table shows average outcomes fr contol group adults and ITT contrast 
‘of outcomes for adults asigned to treatment (pooling the low poverty and traditional voucher groups) 
rather than conto. Housing and neighborhood conditions were measured frm lagr-term survey data 
and census tract-level data interpolated from the 1990 and 2000 decennial censuses and the 2005~ 
2009 American Community Survey. ITT was calculated by using ordinary leastsquares regression 
‘ontoling fr baseline covariates, using weight (able 1 and supplementary materials, sections and 5). 
"P< 001, “P< 0.05, < 0.10 on two-tailed ¢ test 


ur0 treatment 
control (voucher) groups 
mean __ versus contr 
ta on 
‘Census tact characteris 
‘hare poor at different pont n time 
1 year after random assignment 0.499 -o.160 ** (0.007) 3228 
5 years aftr random assignment 0399-0089 “* (0.007) 3208 
10 to 15 years after random assignment (May 2008) 0311-0034 “** (0.007) 3206 
‘Share poo forall addresses since random. 
‘assignment (duration weighted) 
‘Share poor 0396-0082 ** (0.005) 3270 
Share poor, # core using WS, tract 
poverty distribution 2082 0.666 “* (081) 3270 
Shave poo, 2 core using MTO control 
‘group tract poverty distribution 0.000 0.653“ (0.080) 3270 
DDuration-neighted poverty ate i 
ass than 20% 0.05 0.196“ (@013) 3270 
ess than 30% 028 0237“ (0.018) 3270 
ess than 40% siz 0206 ** (018) 3270 
Share minority 
10 to 15 years after random assignment (May 2008) 0.844 -0024 ** (0.009) 3206 
All addresses since random asignment 
(duration. weighted 0.880 0.0% + (0.006) 3270 
Residential mobility 
"Number af moves alter random assignment 21650584“ (0.068) 3273 
Sel-repartson longterm (20° to 15-year followup 
surveys about neighborhood and housing canditons 
Feel unsafe during day 0.196 0039“ (o015) 3262 
"Number of housing problems (0 to 7) 2051-0380 ** (0.076) 3267 
key ovary likely to report ids 
spraying grat (oletve efficacy) 0589 0.064 * (0.020) 3255 
‘One or mace friends with college degree 05320049 (0.020) 3203 
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‘of MITO random assignment and indstoy for 
‘which MTO site families ive in at baseline as in- 
rumen vanables to genemte predicted yalucs 
‘of W that were then substitted forthe actual 
‘ale in the second stage Eq. 1(7}.The equation 
also includes a set of baseline chasctersis, X, 
including indicator: for MTO demonstration 
‘ite and numerous participant seciodemogrephic 
characteristics, 49 improve the precision of cur 


y 


ot WrtXmte (1) 
1V estimation of Eq. 1 essentially fits a “dose- 
response” model and asks wheter those treat- 
‘ment groups and sites that experince relatively 
larger gens in specific elements of W asa result 
‘of treatment assignment also experience relative- 
Iy lager gins in the outcome of intrest. Tis 
‘station approach assumes that this isthe only 
reason why the elect of treatment assignment on 
‘outcomes varies across randomized groups and 
‘demonstration sites. Iealso assumes thatthe only 
pathway though which tbe instruments affect the 
foutcomes of intrest is by affecting the neigh 
Thochood measures include in Eq. 1. Given the 
large numberof neighborhood atributes affected 

y MTO moves, dhs approach cannot isolate the 
celfct af a pociti tinue, We instead view any 
‘single variable wed in W tobe a summary mea- 
sure of neighborhood enviroment (for example, 
‘niet poverty captures the effects of moving to an 
area With a lower poverty rte and other aspects 
‘of neighborhood economic disidvantage that 
co-vary with tact poverty) 

In & model dat relates Y toa single neigh- 
‘horhood measure W wit the nly covariates (X) 
being the indicators forthe MTO cites, the IV 
‘estimation of Eg. 1 is equivalent to fitting a m= 
‘gression line through the 15 data pints that cor- 
respond tothe avenge values of and 1 foreach 
‘ofthe three randomized MTO groups inthe five 
‘demonstration sites relative to the site overall, 
‘mean, Below we present several visual instru 
‘mental variables raps tht show the data and 
lgic behind our V estimates. 

Results, As shown in Table 2, MTO docs 
indeed generate sizable and sustained differ 
fences in average neighborhood conditions of 
the individuals across rom assigned groups, 
despite the fact that only around balf the dul 
‘assigned to treatment sed a MTO voucher to 
relocate. One year after random assignment, 
the average contol group family is living in a 
census tact with a poverty rate of 50%, com- 
pared with 34% forthe average family assigned 
to ealment (SE ofthe difference * 0.7%). This, 
dllference in tract powerty across randomized 
[soups namowed aver time, mostly because trict, 
overly mies declined for contols over time 
‘This decline was driven by conta families in- 
creasingly moving into lower poverty neighbor. 
‘hoods on ther own, as opposed to their baseline 
neighborhoods gentriffing around them. Aver- 
aged over the entire study period, assignment 
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to treatment reduced average tact poverty rites 
bby 82 percentage points (SE = 0.5%), or about 
‘one filth ofthe contol group average of 40% 
‘This is cual to about two thirds af a SD reoc- 
tion in tract poverty in the national tat poverty 
station 

‘MIO had more modes effets on neighbor- 
hhood racial composition, as shown in Table 2 
‘Assignment to treatment reduced the average 
neighborhood minority share experienced by par- 
ticipants over the study period by 4.6 percentage 
points (SE-* 0.64), a small share ofthe contol 
sroup's average of 88%, although thene are 
larger teatment-conl ifrences in his vit 
ble in some sites than others (his isthe source of 
‘yanation we used foe our insramental variables 
states; supplementary materials, section 33) 
‘Table 2 farther indicates MTO generated sa 
tained efeets on neighborhood salty and otber 
neighboriood social processes, such as collec- 
tive efficacy that are thought te be important in 
changing behavier (3, 5). 

‘ecause moving iself i part of the MTO 
trcatment and cou have independent elects on 
people's life outcomes, iis important keep 
in mind thatthe contol group averaged 2165 
moves over the study period (Table 2). Treatment 
fssignmentinreased the mumber of maves over 
Wt 1S years by 0.584 (SE + 0.068). 

‘As shown in Fig 1, the opportunity to move 
‘through MTO had mixed (ul o postive) long 
tem effects on objective measures of well-being 
‘of the type that have been the traditional focus 
fof the neighborinod effects literature. ITT ef 
feet are not sasticall significant on economic 
‘outcomes for adults in MTO household 10 to 
15 years aller random assignment. lcs on 
brs inde opiysical health measures are inthe 
slrcstion of better eal (ITT effect af +0060, 
SDs, SE = 0.039) but are not quite statistically 
significant (P = 0.12 unless otherwise note, all 
remaining statistical results come from ¢ tests) 
Effets om mental health are marginally signifi 
cant (P= 0084) in the direction of beter heath 
(Tec of 40.070 SDs, SE + 0.041). However, 
TTT effects ae more strongly beni for SWE 
(Fig. far right bar), withthe offer to move to 
4 less disadvantaged area increasing SWB by 
+0,098 SDs (SE* 0.039, P 


variables estimates, which ty to distinguish be- 
‘tween the effects on SWE cf neighborhood ec 
‘onomic disadvantage (as represented by tract, 
Poverty rate) versus racial segregation (as mes- 
sured by tact share minoriy) are shown in Fig 2. 
‘The xaxs of Fig. 2A represen the average tract 
poverty rte MTO ads experience aver the 
sty period, whereas the paxis represents SWB, 
‘both in standardized (= score) form. The data 
pints are the average tact poverty and SWB for 
fdalts broken ost by MTO randomized group 
land demonstration site. The slope of this ine 
cesentally our IV estimate of the relationship 
between SWH and tract power, A L-SD decrease 
in act poverty (a 13-percentage-point change) is 
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ssi with an increased SWB cst 0,141 
SDs (SE = 0054, P= 0,000) (table $5 

‘As suggested by Fig. 2, B to D poverty con- 
snation is more important than is racial segr= 
gation in affecting the SWB of MTO aduls. 
SWE docs not have  staisicaly significant re 
lationship withthe minority composition of the 
tracts in which MTO face reside (P= 0.478), 
sista the ety fat in in Fig. 28, 
The size of the inerease in SWE fom 
reduction in tact poverty nearly doubles once we 
contol fr tat minority share in the same model 
(from0.141 100.261 SDs, SE 0,093, P=0.008) 
(table), as seen by comparing Fig. 2, Aand C. 
Jn const, holding neighbochood poverty con- 
stant a I-SD decrease in neighborhood minority 
share makes MTO adults, if anything, worse of 
(0.279 SDs, SE-0.169, P= 0.098), as shown by 
the positive slope in Fig, 2D. The cancion that 
1 decline in neighborhood economic disadvan- 
tage has a more beneficial result for SWB than 
docs a comparably sized decline in neghhorhood. 
rinority composition comes from the fact that 
wwe ean rect the mall hypothesis that the slopes 
‘lusrated by Fig. 2,C and Dare equal (P= 0.030) 
(table $9) 

Results are qualitatively similar if we estimate 
models tha ase tat outcomes are only af 
fected by current neighborboed conditions, mia 
sured at the start ofthe survey period, May 2008 
(tables 86 and $10 and figs. $4 19S). 

Discussion, To what event does moving to a 
Jess distressed neighborhood environment affect 
people's well-being? In this Research Ace, we 
Present results from a large-scale randomized so- 
cial experiment (MTO) designed to address this 


Fig. 1 Impact on each out 


question, which has been of long-standing con 
‘em to the socal and medical sciences and 10 
policy-makers. Random assignment in MTO over. 
‘somes cones with selection bias by generating 
dliferences inthe average neighborhood cond 
‘bons exporienced by thervise comple groups 
‘of people. MTO is unigue in terms of the lon 
duration ofthe follow-up data collection that has 
‘heen cared outwith participants spanning 1010 
15 years afer randomization, 

‘MO bas song intemal validity, but the MTO 
findings may not generalize to all US. families. 
“Although the MTO sample is comparable with, 
‘other urban minority samples in igh-poverty ur- 
‘han areas that have been sted inthis literate 
20, 21), the sorts of families living in such 
‘xtreme poverty areas ae very disadvantaged rel- 
‘veto other American als, MTO was cared 
‘ut daring time when concentrated poverty and 
rime ates were declining, and HUD's HOPE VL 
rogram was demolishing many public housing 
Frojects across the county, MTO's impacts also 
dlo not necessarily identify the effects of lager- 
scale mobility programs (22) 

‘Keeping these caveats in mind, we find that 
‘over the Song term (10 to 15 yeas) the chance to 
‘move to less distressed neighborhoods in MTO. 
thas no detectable long-term effcts on alt ec- 
‘nomic selsuficienc. n a previous paper, we 
‘howe that MTO had important long-team ef 
fects om to pail important physical health 
‘measures tht predict long-term diseases are 
Is, exreme obesity and diabetes (15). We report 
There that MTO's impact on a broader index of 
plyscal health was inthe same direction (toward 
Improved health) but was not quite statistically 


020 


come of asignmesto the NTO 
treatment (voucher) groups 
for adults interviewed in a 
long term survey The squares, 
represent the IT estimate fr 
the effect of being assigned 
‘oO testment poating tor 
poverty and traditional youd 
er group) ater than cel, 
forthe outcomes ted onthe 
-rae econo slaufieey, 
physica heath, mental heath, 
and SWB (Table 2 and sup 
plementary materials, sections 
4,4, and 5). The box whisk 
cersrepresent the 95th percent 
cenfidence interval around the 
estimates, 
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significant, whereas we found » margioally sig 
nificant beneficial impact of moving to a less 
distressed neighborhood on a broad index of 
rental eal 

This mixed pater of MTO impacts fort 
Aitional, objective measures of well-being echo 


‘what was found inthe interim (5-year) fllow up 
fof MIO families (7, 23). These mixed results 
have een disappointing to many observer, in 
prt because the congressional legislation autho 
Firing the MTO demonstra exp mentioned 
the goal of improving some outcomes that were 
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Fig. 2. Instrumental variable estimation ofthe relationship between SWB and average (duration 
‘weighted (A) act poverty ate, (B) tract share minority, () tract poverty cntoling for minrity share, 
and (D) tract minority share controling fr tract poverty. They axis fa three-point happiness scale ( 
otto happy, 2= prety happy, 3 = very happy) expressed in SD units relative tothe ctrl group. Share 
poor isthe fraction of census tract residents living below the poverty threshold. Share minority is the 
fraction of census tract residents who are members of racial o ethnic minority groups. Tract shates are 
‘inert interpolated from the 1990 and 2000 decennial census and 2008 to 2009 Amercan Community 
Survey and are weighted by the time respondents ved at each of their addresses from random as- 
Signment through May 2008, Share poor and minority are 2 scores, standardized by the contol group 
‘mean and SD. The points represent teste (Bal Baltimore; Bos, Boston; Chi, Chicago; LA, Los Angels; NY, 
[New York Gy) and treatment group (LP, low-poverty voucher; TRV, traditional voucher; C, contol 
group). The slope of the line is equivalent to a two-stage least-quates estimate of the relationship 
[betveen SWB andthe mediator shown in each panel, using interactions of indicators for MTO treatment 
‘group assignment and demonstration ste as instruments forthe mediator (controling fr site indicator 
‘main effects). 
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‘unaffected (such as adult eamings). Similar 
‘mixed findings are apparent in recent quasi- 
‘experimental studies of other housing mobility 
programs (24-26). These mixed results have led 
Influential observers such as Yale Lav School 
professor Robert Ellickson, who is generally 
‘Sympathetic to the value of housing vouchers 
‘er projecthasd housing programs, to argue 
tha “recently published studies have begun 10 
destabilize the former consensus that a poor adult 
‘orchild is significantly disadvantages by residing 
‘among other poor people... the case for die 
‘mantling an entire poor neighborhood ... is 
‘hardly 30 plain (27), p. 439} 

Yet, the results reported here might lead to 
quite a diferent conclusion, in that we find 
Szahle postive effects of moving from a more 
dlstressed toa les distressed neighborhood om 
SWB, « measure that represents # comprehen- 
‘ive assesment by the participants themselves 
of the extent to which ther lives have bees af 
fected, Our rests suggest that ving in distessed 
reighborhocds has more important adverse it 
acs, and escaping fom such neighborhoods 
‘has more important positive eflzts, on the well- 
hheing of laveincome adults than was revealed 
by previous experimental nd quas-experimental 
stuties of neighborhood effects that focused on 
‘radional meisuns of seiossoncric and eal 
‘onicomes. Whether or not the MTO vouchers i= 
posed additional locational constraints on fam 
ilies does aot appear to matter much for the 
positive effects of such maves on well-being 
table $4). 

Although “happiness” has no natural metic, 
‘one can sil nterpret the magnitude of our results 
‘by noting that a 1-SD reduction in neighborhood 
poverty (about 13 percentage points) is asso 
‘ate wth an increase in SW thats about 
thinls of the gap in SWE between US. blacks 
and whites [which is around ove quarter of a SD 
in favor of whites (28)] and about equal to the 
remaining gap in SWB between familie with 
anual incomes that dif by $13,000 after con 
ditioning on a sundard set of control variables 
that diflerby income and afc happiness (sup- 
plementary materials, section 3.3). This isa large 
amount, equal to about to thinks ofthe average 
income of MTO control group families in our 
lager survey ($20,000) 

‘Subjctseeports of SWI have the poten- 
tial to provide an informative summary measure 
‘ofthe overall impact of neighborhood conditions 
‘on people's lives. Although SWB measures ane 
Fein sed with mereasedtrquency’in the social 
sciences and policy analysis, SWB has net been 
the focus of mich previows“neighborhood lcs” 
rescarch. The proper interpretation of sl-epors 
about SWB remains the tpic of some dehate 
Previous sues show diferent mesures of sl 
reported SWB to be correlated in expected ways 
with objective indicators of wellbeing such as 
lle events, biological indicators (such as smiling 
frequency and bran activity) and reper fom 
significant others about the person's happiness at 
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both the individual and group levels (29, 30) 
(supplementary materials, scction 2.3). We also 
corroborate our findings for SWB by examining 
the effects of MTO moves on related measures of 
iyehological dstres (able $4). 

‘As noted in the introduction, itis also im- 
portat for bok science and policy to understand 
‘why changes in neighborhood environments af 
fix the well-being of low-income adults Isolating 
‘mechanisms withthe MTO dats are challenging, 
and our statistical power to do sais somewhat 
limited We focused on distinguishing the eflzts 
‘of residential income sogregation versus racial 
segregation because this is a key scientific ques 
tion, because diferent policies may be required 
to adress segregation by income versus ace, 
and because racial segregation has declined the 
past 40 years whee income segregation has 
substantially increased. 

‘Our results suggest that changes in neighbor 
‘hood poverty are more important than ical seg 
gation in alecting the SWE oflw-income acs 
in MTO. (We interpret neighborhood povesty 3s 
‘marke for a collection of comclated neighbor: 
hood characteristics across the neighborhoods 
in which the MTO families reside.) The same 
‘qualitative pattem holds for adult physical anc 
‘mental health outcomes as well (supplementary 
‘materials. 

‘The rise in U.S. residential income segregs- 
tion since 1970 mses the posibity that the rob 
lem of harm neighboehood fects on people's 
well-being may be geting worse race tha bet 
ter overtime, Increased poverty concentration in 
“America docs not seem to be simply due 1 in 
creases in overall income inequality (31), The 
average tract poverty rate for families inthe bot- 
tom quintile of the US. income distribution i 
creased over the past 4D) years by about 2.4 
percentage points (from 17-6 to 20.0%). IF the 
‘sul from our MTO sample generalize to other 
‘very low-income families, the inereas in poverty 
‘concentration over the past 40 years reduced the 
‘well-being ofthe bottom quintile of the income 
slsibution by an amount that may be equivalent, 
to decline in annual household income of about 
'S1400 (8). If our estimates are comet, the 
‘$1400 dollareguivalen fr the devine in well- 
‘being for fis in the bottoms quintile eased 
by ireased poverty concent from 197010 
2007 is about equal in size to the total gain in eal 
‘annual family income of $1300 thatthe bottom 
‘quintile has experienced over roughly the past, 
40 years from $15,336 in 1969 10 $16,622 in 
2007 [(32), converted to 2009 dollars; supple 
‘mentary materials, section 3.3) 

‘Our findings are als germane to debates 
bout the proper abjectives fer public pie, For 
‘example, one ocent review of US. antipoverty 
programs notes that their eflectiveness depends 
“a eatin par, on whether the programs do, in 
fat, reduce poverty” (33) p. 12} By that stan- 
dard, MTO-type poliy efforts wo improve the 
‘neighborhood conditions of poor Families would 
‘ot be part of an effective antpoverty statey 


beat the program ied to proce detectable 
impacts on family income (7,23). Bu if the goal 
‘nthe broader one of improving the well-being of 
ocr families, then policies that seck to amelio- 
rte the advene effets of dangerous, distressed. 
rcighborhoods on poor fais are worthy of 
tefl consieration. 
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Kepler-47: A Transiting Circumbinary 


Multiplanet System 
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We report the detection of Kepler-47, a sytem consisting of two planets orbiting around an 
‘eclipsing pair of stars. The inner and outer planets have radi 3.0 and 4.6 times that of Earth, 
tespectively. The binary star consists of a Sur-lke star and a companion roughly ane-thicd it sie, 
‘orbiting each other every 7.45 days. With an otbital period of 49.5 days, 18 transits of the inner 
planet have been observed, allowing a detailed characterization of is orbit and those of the stars. 
‘he outer planets orbital perio fs 303.2 days, and although the plane is not Eartha, it resides 
within the classical “habitable zone,” where liquid water could exist an an Earth-like planet. 
With its two known planets, Kepler-47 establishes that close binary stars ean host complete 


planetary systems. 


he extremely precise and early continue 
ous observations provided hy the Kepler 
spacecraft (1) has enabled the detection of 
‘move than 2300 planet candidates (2,3) and over 
2100 eclipsing binary stars (4, $).A synergy of 
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these efforts has helped establish the class of 
circumbinary plants, which re pant hat orbit 
sound a pair of stars (6-8), Their detection has 
Jed to a revitalized effort to understand planet 
formation around binary stars (2, 10). A circum 
binary planet can reveal slim ta ways: If the 
planet's orbital plane is favorably aligned, the 
planet may transit acrss ene or both othe tars, 
fusing small decrease in the amount of ight 
fiom the system. Ifthe planet i sufficiently mas- 
sive and close, the plant can pestur the stellar 
tits (11). The most readily observable mani 
festation of this perturbation isa change inthe 
times when the elipses occu 

In contrast to a single planet ebiting a sin- 
sl sta, a planet ina eircumbinary system must 
transit a "moving target.” Consequcnly the ime 
itervals between the trans, a¢ well ay their 
duration, can vary substantially. The transits can 
deviate fom having a constant period by up to 
several days and ean vary in duration by several 
hows, These transit timing and duration yan 
tions canbe taken to be the signature of circum 
binary planet because no otherknovsn mechanism 
can case such effects, Modeling of the timing 
‘nd duration changes ean he used to precisely 
determine the erbits af the plant and stars (6-8), 

Kepler observations of the binary star sytem 
Kepler47 (KIC 10020423, aso KOI-3154) show 
rma esc omar an erst bokng 


secondary eclipses with a depth of 0.8% (Fi 
tnd a quasiperiodic modulation in the oueof- 
clipse regions of ~2 10 caused by starspots 
fo the peimary star (/2). The Kepler data span 


1080.5 days, and visual inspections of the light 
curve revealed the signals of two candidate e- 
cumbinary planets, with periods of ~50 and ~303 
days. Three transits of the longerperiod can 
dlidate (hereafter the outer planet) were readily 
apparent, but thase of the shorter peviod can 
dldate (hereafter the inner planet) were more 
slifcult to find because oftheir shallower depth 
Using the predictions of a preliminary model of 
the system as a guide, we detected a total of 18 
transis ofthe inner planet. The transits have 
timings that can deviate from strict periodicity 
by upto several hourt and their durations vary 
significanly, strongly suggesting that they ori 
inate from cireumbinary planes (Fig. 2) All of 
these events ae transits over the primary’ star 

"To characterize the stellar orbit, we obtained 
Doppler spectroscopy af the system, Radil- 
velocity variations ofthe primary star were read- 
ily detected, but the secondary saris too fit to 
hhave been measured. Usually when the rail- 
velocity measurements of only one cmponent in 
a specroscopic binary are availabe, the masses 
ofthe stars cannot be uniquely determined. How- 
ver, the transit times and durations provide 
‘constraints on the geometric configuration of the 
stellar onbits and specify the stellar mass ratio, 
‘vbich in combination with the primary’s radial 
‘velocities allow bo stellar masses and the phys- 
ical sea to he determined. 

‘To determine the system parameters, we used 
a photometric-dynamical model (3) similar to 
thi used forthe four previous known transiting 
crcumbinary planets (6-8). This model assumes 
spherical hodies interacting via Newtonian 
‘gravity (12) and is use to fit the radial-velocty 
slit and the Kepler time-series photometry. We 
Aetermined the stellar masses as described 
above, and the relative sizes ofthe bodies from 
the cclics and transis in the light curve. [n- 
formation on the inclination, cccenticity, and 
‘mutual iliation ofthe planetary orbits i also 
implicit in the combination of photometric and 
rudil-velocity dt. Gravitational perturbations 
‘auscd hy the plants on the stars and on each 
‘othe couldn principle also constrain the masses, 
‘nut for Kepler-47 the expected masses of the 
planes are too small to ereate a measurable eect 
‘ver the time pan of our data. The smal rai of 
the transiting objects strongly suggest that they 
av of planetary mass (Table 1); dynamical coo- 
‘siderations described below make this concusion 

‘The inner planet, Kepler-47 b, isthe smallest 
‘ransitng cicumbinary planet yet detected, with 
st radius of 3.0 © 0.1 Earth radi, ls mass isto 
small to be dieely measured, but a 36 upper 
limit of 2 Jupiter masses has been determined 
‘asd on the nondetecton of timing vanations of 
the stellar orbit (12), Because the planet's mass is 
unknown, its density is also unknown, and iti 
‘ot possible to distinguish between a rocky com 
positon ad a more yoatile-eniched composi- 
tion. We can make a plansible mass estimate by 
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Fig. 1. Light curves and velocity curve data with model fits 
(Top) Normalized and devended fue is plotted versus orbital 
phase forthe primary (efD and secondary (righ eclipses, long 
vith the binary star model (idl) The radial velocities ofthe 
primary star and the bestfitting model are plotted versus the 
onbital phase. The expected radial-vlacty curve ofthe second 
ary tris shown with the dashed ine. (Bottom) The normalized 
and detrended fat near five representative transis of the inner 
planet (ope) and all theee transits ofthe outer planet owes) 
ate shown. See figs. $13, $14, and $15 fr pots ofall 18 transis 
ff the inner planet and plots of the residuals ofthe various 
‘model is, 


Fig. 2. Planetary transit time and duration variations (Left) 
The observed minus expected times of rant computed fom 
Ungar ephemeris are shown versus time (an “O-C” curve) 
The tangles show the measured deviations, andthe filed 
‘ces are the predictions trom the photometrclynamial 
‘model Four transit ofthe inner planet occurred in data gaps 
for regions of corupted data. (Top right) The O- values of 
the inner planet are shown as function ofthe binary phase, 
where the primary eclipse eccurs at phase 0.0 and the 
secondary eclipse i at phase 0.487. Two cycles have been 
shown for clay, The sob curve isthe predicted deviation 
assuming a cra, edge-on ott for the planet. The lateral 
‘splacement of the primary near the eclipse phases is 
‘minimal and therefore the deviation af the want ne fom 
8 ier ephemeris is neat ze, The primary is marily 
‘placed near the quaature phases, so wants near thost 
‘phases show the mast offset in time. (Bottom right) The 
‘uration ofthe tans for the inner planet (led cele) 
and the outer planet (filed squares) as a function of the 
‘orbital phase ofthe binary. The solid curves are the predicted 
durations assuming 2 crcular, edge-on orbit forthe plane. 
[AL phases near the primary eclipse, the planet and the 
primar star are moving in opposite directions, resuting in a 
hatrower tans. At phases near the secondary eclipse, the 
planet and the primary tar are moving inthe same direction, 
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‘esting ina longer transit. The outer planet moving slower than the Snr planet, resulting in longer transis atthe same binary phase. 
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‘using both anemia mas-radas elation based 
fn transiting exoplanes (/4) and. limited ex 
pirical mass-radius relation for planets in the 
solarsystem (/5}, yielding ~7 10 10 Earth masses 


~0b t 46 Neptune masse, Te planet's 4.5 
thy orbital peri is 6.6 times the period ofthe 
stellar inary, This 778% longer than the en 
jeal period (28 days) within whieh the planet 


REPORTS l 


‘ould be susceptible to dynamical instability due 
to interactions with the sts (/6)- Although this 
77% margin is notably larger than forthe other 
Jnown transiting cicumbinary planets—ie 14, 


21, 24, and 42M; for Kepler 16, 4,38, and 38, 
‘respectively the planet is sill somewhat close to 
te instability lint, feature shared by all known, 
‘ransiingcicumbinary planet systems 

‘The outer planet, Kepler-7 chs a radius of 


Table 1. A summary of the results for the photometri-dynamical model. For brevity, some of the 
{iting parameters ate oot listed here. See table S5 fr a complete isting of iting parameters. AU, 
astronomical unit, 


acute aes ft ‘te uncertainty 4620-2 Ea a aking it sigh larger than 
acre the planet Uranos. As befor, the planets mas is 
Mas of star A, My) 2083 205s PAcappa no 8 lotr 03), Bae 
Mas of tar a.) 0362 0013 on terads, we fda pln man of 16 
Radu of tar A, Ry (Re) 0364 cor = Enh mmener OS 14 Nene umacn, 
Radius of tar By (Re) 013506 0.0063 Chatter cpl anes bons 04 19, 
Temperate oft A, Tr) 5636 100 With ony thre transits curently available the 
Temperature oft BT (0 12337 100 dep we eee apy ee >. Sl 
Luminosity of tar A LL) 840 0.067 : 2 
Sosacte te = ieee | 
Radius of planet b, Ry 298 au wen the low excentntyof the stellar binary 
Radius of planet c, R, (Rs) saisvee sca (e = 0.023) and of planet b (e< 0.035). The 
Sent hotometicsinamical model provides ony an B 
Seimor ax, ag AU) 10836 0.0014 unperlimiton the cence Oa with 98% 
‘Orbital period, Pas (day) 744837695, .nongooet Oe ad te caeenerheee, 
Eccentric, eg 0234 cont Sabliy aly nics owcomuciis lage tan 
Argument of perispe, ue (earee) 223 aa yy ° 
‘rita inclination degrees 9.34 ox Gakig Wide tii win fie map thes 
Planet borit cutrplanc is subjetto variations intheincdent 
Semimlor ax, (AU) 2956 0.0047 ela fax (i, esolation). ever ifthe planets 
Orta period, ay) 495i 0.080 rt isc Fig 3). Theaverage imolaionis 
Ecceny (95% ean), <0035 Similartotheamountthat Eases omthe 
‘rita nanan i, degrees) 8959 on Sin; fora ciclo rb itis #7394 ofthe Sun 
sual obit inclination, (agrees) oa? 02 EGaeeb one. o 
Planet obit Kepler? wall within the clasiceltabtale 
Seminar ss, 0 (A ose Gore sone died sting ster rom he 
ntl period, ay masa 0.072 ost sts) where liquid water could persist 
Eccentricity (95% cont), €. ied the surface of an Eart-like planet (J7). While & 
‘Orta inclination 1, eres) aoazs ong tern ma neaee ie 6 
‘maual etal inctination, i egees) us 4s sale for Ife its location 6 notable as it i 
Fig, 3. The time-varying insolation 5 received by © 01 02 03 05 1 15 5 
Kepler47 ¢ foe diferent assumed eccences. The é 


insolation iin units ofthe solr luminasty ata distance 
(Of LAU Gy =1368 W m-). The upper panels are fora 
ero eccentity orbit and highlight the insolation 
variations caused by the 7.4-day otit of the binary. 
The lower panels show eccentrictes of e= 0.0, 0.1, 02, 
and 0.4 (colored black, green, blue, and ved, respectve- 
'y) and ilustrate the longer timescale variations. The 
dated tines mak the imi for he inner and outer edges 
‘ofthe habitable zone, following the prescription in (24) 
for the onset ofa runaway greenhouse effect and the 
‘maximum greenhouse effect. 
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demonstrates that cicumbinay planets ean exist. 
ihabitable snes, Although the definition ofthe 
habitable zone assumes a terrestrial planet at 
mosphere, which does not apply far Kepler 47 , 
large moons, if present, would be interesting 
‘worlds to investigate 

‘A.0.2% deep transitlike event is present at 
fine 255,977 363 (BID, baryeentric alan date) 
that snot caused by citer ofthe two planets. A 
search fr ational transits has reealed several 
‘ore telat transit events (/2), but we eatin 
that the star is int (he Kepler magnitude is 
15.178), dhere are lage modulations due to str- 
spots, andthe data contain correlated “ed noise, 
smoking small, nonperiodic transit detection 
challenging. The marginal evidence at presenti 
insufficient to place confidence on any adiional 
candidate planet). 

The primary star is similar to the Sun in both 
sas and radius, and dominates the luminosity of 
the binary system, having 60 times the bolomet- 
ric luminosity ofthe secondary star (or 176 times 
the brightness in the Kepler bandpass) spec- 
troscopic analysis gives an effective temperate 
of $636 + 100 K for the primary star (ble $2), 
‘with a metallicity slightly less than solar ((M/H} 
=025 = 0.08 dex). The star's rotation period as 
determined fom the starspot modulation inthe 
light curve (/2)s only 4% longer than the orbit 
period, suggesting thatthe spin and orbital an 
ular momenta have been synchronized by tidal 
interactions. Supporting this interpretation, the 
‘obliquity ofthe primary star (the angle between 
the spin aod orbital axes) mast be smaller than 
about 20°, hased on the observable effects of 
the secondary star eclipsing star-spots om the pri 
mary star (12, 18-21), Starspot cmssings also per 
tur the shape and depth ofthe primary eclipses, 
leading to systematic tends inthe eclipse Himes, 
and lm the precision with which one can infer 
the planes’ masses. In addition, the los of ight 
due to star-spots causes eclipses to appet l 
ly deeper than they would for an unspated star, 
biasing the determination ofthe stellar and plan 
‘tary radi too high by a few percent. 

‘With Kepler-47 b and c, six confirmed tran- 
siting cicumbinary planets are curently known, 
‘Their ort periods relative to thei host binary 
stars show no tendency to be in resonance, and 
‘heir adi are Satum-size and smaller Given that, 
Supiter-size planets are easier to detect, their 
fibsence in the Kepler data suggests that the 
formation snd migration history of ercumbinary 
planets may disfavor lupitermsas planets obit 
ing close to the stars, in accord with (22) 

‘The plancs in Kepler-47 ar expected to have 
firmed mac farther out than their present orbits, 
at locations were the eondtions for the forma 
tion of giant planets are more favorable (9,10). 
‘The planets have likely migrated to their current, 
crits a a result of interactions with the circum 
binary disk. The multiplicity and eoplanarity of 
the omits strengthen the argument far a single 
dls formation and s migration scenario for et. 
ceumbinary planetary systems. However, unlike 


orbit around single tr the envionment round 
binary star is moch more dynamic and tends to 
‘ment planet planet interactions, The relatively 
linge distance between the orbits ofthe ier and 
‘ter plats in the Keplet-17 syste i consistent 
with squires for dymamical stability (2). 

The previously detected transiting cicum- 
binary planet systems show no evidence for mone 
than a single planet. The ruliplanet nature of 
the Kepler-47 system establishes tht despite the 
chaotic environment around binary tars, plan 
tary systems can form and persist close to the 
binary, and invites a broader investigation into 
how citcumbinary planets compare to planets 
snd planetary systems around single stars 
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Quantum-Enhanced 


Optical-Phase Tracking 


Hidehiro Yonezawa,” Daisuke Nakane," Trevor A. Wheatley;"** Kohjiro iwasawa,* 
Shuntara Takeda,” Hajime Arao," Kentaro Ohki,* Koji Tsumura,* Dominic W. Berry,” 
Timothy C. Ralpb,?* Howard M. Wiseman,” Elanor H. Huntington,” Akira Furusawa"* 


Tracking a randomly varying optical phase is a key task in metrology, with applications in 
‘optical communication. The best precision fr optcal-phase tracking has until now been limited 
by the quantum vacuum fluctuations of coherent light. Here, we surpass this coherent-state limit 
by using 2 cootinuousave beam in a phase-squeezed quantum state. Unlike in previous 
squeezing-enhanced metrology, restricted to phases with very small varaton, the best tracking 
Decision (ora fited light intensity) is achieved fora finite degree of squeezing because of 
Helsenbera’s uncertainty principle. By optimizing the squeezing, we track the phase with 2 mean 
square errr 15 + 4% below the coherent-state limit. 


ere are many aks where presse upc 

pus eximaton srl, nlc cme 

‘runiation (2) and mevolgy (3), Quan- 
tum mechanics impose a indsmentl bound on 
precision (4-6) and ths already its graviae 
Sonal wave deci (7-9) and can guaanice 
eat in quanti eyptogrpy (10. The quanta 
limis are detrnine by opinizing (subject to 


‘constraints the input quantum sta, the quantum, 
‘measurement, and the data processing. Much ef 
fort has been devoted to approaching the funda 
‘mental quantum limits (3,5, 6) 

Phase estimation can be divided into two 
kinds (1): phase sensing, where the phase is 
Jknown to always lie within some small interval, 
[eg. (12), and general phase estimation, where 
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it snot constrained fe. (1) Inthe Former 
case, when (as in most practical situations) the 
field has large coherent amplitude, the problem 
can be linearized in terms of the phase rotation 
(howhich seat simplifies the tsk of opinizing 
the input state andthe measurement By contrast, 
inthe ease of ueonsrined phase estimation he 
problem cannot be linearized, and at a conse- 
‘quence the optimization problem is considerably 
fer (1 1-22), Although a quantum enkiance- 
‘ment of pss sensing wing musical sates 
flight has recently en demonstrated (8, his 
thas been dane for general phase estimation only 
with postelected result (2). 

‘We presenta demonstration of unconstrained 
phase estimation with « quantum enhancement 
‘sng ncaa aquccn) sates We used ha 
dyn detection, with no postsleton of dats and 
no compensation fr losses or detector intficien- 
cy nthe system, Moreover, the problem ofa t0- 
chustally ying pls is aed (89, 19-22, 
sis highly relevant for physical metology and 
Communication, rather than time-invariant (bat 
‘nally unknown phase (11-13, 15-18) To per- 
form optimal estimation. we have implemented 
‘optical-phase tacking: a phase-lock loop that 
strives to mtn the maximum measurement 
sensitivity fora widely varying phase. The quan- 
tur noise in the photocurrent prevents the max 
‘mur senshvity fom being peril maintained, 
hich is why we observe an optimal degree of 
squeezing 

‘Our experiment (Fig. 1) used a continuous 
‘wave optical phase-squecred beam. The phase 
fof the beam is modulated with the signal (0, 
the waveform to be estimated (22-24). Asin 
(2/, 22), we used» stochastic waveform de- 

ined by 


on =vElemurey (ly 


Her, do) is casically generated Winer 
press (25 (ite noise), isthe eoreaton 
fie of (an detennins the magsitule of 
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the phase variation, which i of order unity. This 
‘p(s 2 contimoussime random walk with a 
tendency to return tothe mean phase of zo, a 
kind of noisy relaxation proces that occurs in 
‘any’ physical tuations (25), 

‘The phase-modulated beam was measured 
by homodyne detection, using a local oscillator 
(LO) and yielding a noisy current (0). The LO 
phased) was feeback-contolled to be ®{) = 
2+ ol), because this isthe most sensitive op- 
erating poin for sensing changes in (0) (Fig. 1B), 
Because p(t) is unknown, the best strategy is 
aadaptive metrology (11, 13, 15-20), in which 
feedback contol is wed o set (0) = put) +2, 
where pi?) filtered estimate of (that is, 
an estimate based on (sor all-<1. This gives 
1 normalized homodyne output current () of 
(9,26), 


Hadde = Yalln(e)— wy (0)|dt + ROW) 


Here al is the amplitude ofthe input phase 
squeezed beam, and dW) is another Wiener 
process (25) arising from the squeezed vacuum, 
fTuctuatons. The magnitude Ra of these quan- 


REPO! 


tum fluctuations determined bythe degre of 

g (rn =0) ad antngusezing (ya) 
and by of — (p(t) ~ oy(0- Note tht sex- 
zal appresimatns, jsf in (26), have been 
‘made to drive Ea 2, mos tab sccm 
crder expansion for Ih in the sll variable 
fox) = 040) 

For opal edback con, the Kalman 
Sie was used fr (22), which isthe causal 
(Ge, rl time) estimator wih the fwest meas 
square cor (MSE) The Kalman fiir is the 
pina ier for exiting) ofthe on of 
Ep when using a eobcreat beam (22), andthe 
calculation aeeralizes to our squccaed case (26). 
‘Alhough the Sized estima (0) is a good 
‘stmatof he sgal paseo) 1 obtain abet 
‘Stimate we applied the acasal technique of 
Ssnoothing (27,22, 24, Aer storing data over a 
eran perio of tine, a precise estiute oF i) 
‘was ablained at ime in the mile of that 
period hy using observations both bere and 
iter «The MSE of the smoothed. estimate 
(lott) — galt) sven as 2, 26), 


q 


Local Osclator ‘ 
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Fig. 2. faperimental setup. (A) Sche- 
matic of the experiment (B) Homo 
ne output current versus relative 
phase between 1 andphasesqucens 
beam and phasor diagram for a 


Estimate, () 
‘ve 


slightly nonoptimal relative phase (as will accu In the phase-tracking prblem), (C) Deal f the ex 
perimental setup. The abbreviations are TIS, titanium sapphire; CW, continuous-wave; PA, phase 


‘modulate; and SHG, second-harmonic-generaton 
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Recall that Ry (Eq, 2) isa feton of othe 
above expression fro is stil ope. The fll 
Solsons a gen in (26), but in the parancer 
‘reine of eu expec, o is roughly pope 
tinal w yg. Tat, by using a ponelasical 
beam wil eficctivesquceing Ra<1 we expect 
to baw everamee cles it 
(CSL) by aie of 

Our zpement gC) wel n 8. 
continunatvave titanium sapphire lser, The 
Phase-aqueczed beam was ade by an optical 
Paramene oseilitr (OPO). The OPO was dav 
f below thesold by a 30am pump beam, 
generated by » secon harmoni-genenton av 
i: We obtined up to 4 dB of piss squccing 
‘The sigalg) was prodoced by digi rate 
lr signal generator an lowpass ier with 
‘ctl feguency’of 2x, This was posed oo 
the phnse-squeze beam by using an eectroptic 
‘modulator Homodyne detection was performed 
om this phase-out beam wth an overall 
sflcincy of ) = O85, The hoowsiyne curent 
‘went othe optimal fecdback iter (another 
low-pass filer with» cutoff frequency 2.20 
(2 is output (9), was hen shite by 
2 and api on the pase othe LO beam eit 
another els oda 

We recorded (10), amd 4) by an 
cciloscope wits sampling rte of 100 Mz 
Figure 2 shows apical segment of the record 
signals, plus the soothed estimate) The 
pramctrshere a= 19100.» 10*ra, 
NaS 10 05» 10" rasa =1.00> 1 
0.06 10" &*, sguosring 3.1-© 0. dB Gy 
(36 0.0) andanisqucesing 5.1 0. dB 
0.39 © 0.01), from a pump beam power of 
0 mW The uncertaindes represent {standard 
deviation, and are Fixed trough this paper. 
he curent 11) has zero mean because the 
fechack lop is designed to operate the omo- 
ddyne measurement a this point of maxima 
Sensitivity (Fig 1B)- Although the ire est- 
rate i) his a visible delay because of is 
Cota ate, the smoothed estimate ,() dacs 
‘ot and the sina phases elalytracke 

To investigate the sguscrng enhancement 
‘we permed phase racking with fed 
mop a? = 100» 10" 006 10" 
‘wit varying gucezng levels arising fom OPO 
ppunp beam power of 0, 30, 80, ar 180 mW. 
Independent ofthe pase estimation, susan 
ant antiquing levels were micas for och 
up beam power (26), Tee crosses in Fig. 3 
how the MSEs ofthe smoothed estimates ct 
fs Sincton of the squcering level. The MSE 
was ealeuated fom 2 ms of data (2 = 10" san 
ples), Repeating ths 1S ines gave the average 
MSE and ts standard dean. 

Figure 3 shows te bey resus, Fit the 
squceeng enhancement is Ves: The MSEs 
fr rod below the CSL Gi) by using phase 
Squcered beams, Second, the expenmental 
Salis ae in good agement wih the peision 
(i and in dsagrement withthe teary carve 
(i, which based on approximating the bomo- 


Fig. 2. Time domain re 
sal of phase estimate. A) 
Signal phase to be esti- 
‘mated gt. (8) Homodyne 
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‘de output curent A) to 
only fist der in Kip) — 
G40] 0 that Rg — 2, 
Trace (i) is the theoret- 
Teal curve from €q, 3 for 
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without os. 


Mean square error o” 
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is 


0.01 
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ddyne output current () to only first order in 
[op) ~ po} so tht Ray =e? Thi, at the 
higher squcezing level the MSE i saturated, 
indicating the existence ofan optimal squeezing 
level Even in the theoretial curve (iv), for pure 
squeezed beams and zero los, the MSE has a 
‘minimum, This curve comesponds to the funda 
‘mental lit imposed by Hesenbers’s uncerainty 
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Squeezing level (dB) 


rnciple forthe phase and amplitude quadatures, 
namely €" se > 1, Although more squcez- 
ing decreases the & term in. Ra, it increses 
the etm because the tacking is imperixt, 
‘hich itself is consequence of the nose in the 
howocumet (Eg 2). Thien (sl-consstenly) 
the optimal degree of squcering, which depends 
‘on the parameters al x, and 2. (26) 
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Experimentally, we varied the ample fa 
‘while xing the purnp beam power to 80 mW, 
sBving squscring and antisqueczing levels of 
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creases with [a and 30 too docs the squeezing 
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‘alered if one calculates the CSL notin terms 
offal? but in term of the effective photon fax 
‘Na; which equals ops the extra photons r= 
‘sulting ftom the squeezed vacuum fuctuations 
in the relevant spectral range (20) 

‘We have tracked the phase of a squeezed 
optical eld tha arcs stochastically in ime over 
substantial angular ange. Our use of Kalman 
filtering in real-time adaptive measurements of 
ronelassical systems could be applied also in 
solid-state and nanomechanical devices. Opi- 
mizing both the degree of squsezing and its 
‘bandwidth according tothe experimental con 
ditions would allow a completely rigorous teat- 
sent of photon flux. Lower losses and more 
susceing woul then enable a dramatic improve 
ment to a precision that sale diffrenly with 
photon hu, with @? =A" (20) as oppased 0 
theo =A" in the curent setup, 


References and Notes 
2 hen ai 2 ut Lata, a, Mat 
{ecearatt Une L Macone, Ma Photons 5 
2 G1. 


la (se) 


4 W.etm, Gus dete nd Btntion 
5. Wie 5 Lad Mtoe, eee 306, 1530 
61M Wena, bun, unearned 
‘eal amino Uneray Pe Cmte 200 
A Goa aha Ps 4172 00. 
9. At ta Ply 7, 962 WOR 
0 owe EMS, Yoram, hs et. at 
1 Pde Mat Pans, 12 (0 
12 Raga lame) Lien, Ss 


REP 


1H. Wenn, pe Re 57, 229 (998, 

15,0. ty, HHL Wiseman, Pf Lt A, SOR 

14. HL omen a 1K Slaton A Dery 
abr Pp a Let 9, 19602 00D) 
ne, Nore 0,393 (007 

1. Aenea pe Lt 304, 063408 


ato. 


oi, 
22 tT, Shape, Ua lye 5 
24 Tae, Py Re Let 102, 250403 2009) 
25. Cm cdr Manon of Sache Met 
24 See siemertary melo See Oi 


Anon hs a sy pte iy Pt 
sec iy eye int 
pir, Stale Prato nd Communion 8 D 

re an, estan Res Cau 


Supplementary Materials 
ecient HLOSIABEL 
Rebeca 27-20) 


Subtractive Patterning via Chemical 


Lift-Off Lithography 


Wei-Ssu Liao,*® Saramut Cheunkar?? Huan 
Paul S. Weis,**"5* Anne M. Andrews*?*7* 


Cao}? Heidi R. Bednar? 


Conventional soft-thography methods involving the transfer of molecular “inks” from polymeric 
stamps to substrates often encounter micrometer-scale resolution limits due to diffusion of the 
Uwansferred molecules during printing, We report a “subtractive” stamping proces in which 
silicone uber stamps, activated by oxygen plasma, selectively remove hydroryL-terminated 
allkanethiols from self-assembled monolayers (SAMs) an gold surfaces with high pattem fidelity. 
The covalent interactions formed at the stamp-substrate interface are sufficiently strong to remave 
rot only allanethiol molecules but also gold atoms from the substrate. A variety of high-resolution 
patterned features were fabricated, and stamps were cleaned and reused many times without 
feature deterioration. The remaining SAM acted asa resist for etching exposed gold features. 
Monolayer bacKfling into the it-off areas enabled patterned protein capture, and A0-nanometer 


chemical patterns were achieved. 


H jh-throughpat molecular piting stat. 
eis wth high feature resolution ae en 
tral goals for lithography. However, 
progress has been impeded by the conflicting 
sims of large-area fabrication versus precision, 
snd of convenience versus cost). Forinstnce, 


though photolithography enables pateming ver 
lane areas (centimeters), the prteryping process 
is time-consuming and resolution is ested by 
light difistion (1-3), Patering by eletron bear 
lithography (EBL) or scanning probe lithography 
(GPL, techniques, such as dip-pen nnolhograpy, 
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nenosaving. and nanoerating (5-7), pes 
tighesokien fas (10 ne and 100 oor 
EBL and SPL, repetvely) (3), bt the 
pits ed by aril premeanigspt 

Sotlhopranhy statis proce pts 
cer ange ane ta eo a ramones 
(753,40 8-10), Commercial plbmers (sh 
Pulbdimetyoxane, PDMS) ae ea mol 
Fifa ii sata ing The bo 
rele pute oo a mer ll sed by 
toot fr linge pati or EBL 
for high-resolution pteming (7). Ones the 
sass gener, pitmct fre ae ne 
tively tanafered to PDMS stamps, hich ae 
then “inked” wih organic molec, prot 
nanoparticles, or DNA (10-14). 

“Among the mers asf organic mle 
cues sath a allmetial ad eter read 
‘molestie, which form slncmbld mono 
liye (SAMS) on At mbes, ean be rey 
eljeted cacao epee 
terme poops for coptring Winmleclt 
(1.16218) Mover SAMsserve5s"moeclsr 
‘sist aginst iret wet echo, enabling 
fat be fe reo to moe 
Ising sss (19, However, th sso of 
Cones printing an rl of ithopply 
tcctmiqus ial ted by the chemists ene 
empty of he ink, stamps, nd suas 
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Pater uty (20, 27 cretngarsolstion i 
5100 nm forall on Au 

Te mea th ition of ep kre 
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chive sharp, sible ar soy cerca 
fers om nbs 7, 1922, 23). We rae 
fic ta contin nae iting pct 
‘ech tht he pljne sins stat ond 
ted litotfapetomed SAM rei. A song 
Conf dcoced ation th sg SAM br 
tees ble he tt of hp 
teres ty mona depos oft cy 
the nas of smpsnbstnte comic. The sb 
temic mt ef ie poe pein pes 
fers om the mater ml (2 28). This p= 
proach, chemical iogrphy (CLL), fe 
Caine the acon of cieet molec ino 
the lif aren to rodacemlcomponent pal 
teed SAMs Kalo eb he intact ara fo 
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USA "Dearne hemi, ene Se Une, 
Uns Pa P2680 USK “Dpriet a tersS 
nee and geist alos, as gels, 
90095, USK ‘Deane of Pass, Penshania Ste 
‘est; Unesay ak PA 26602 USk “Deparment a 5 
‘hay an beavis Hes, Une falta a 
age ck 0073, USA. "Sensing te ewscerce ard 
Haran eave, Unerty of Cala, Las Ane, CA 
$0095, US, 

“To whan caespandece shoud be adsessed. Emit 
Sindiewegiedneticlaadu (AMA powgenstucaeds 
sm 


set nan och ofr the nar of testo 
the underying soba: Moree samp nc 
$e CL can Ged ad vod wy nes 
without detention 

‘Alkane yi itient til grape 
(Isble 1) nee ted fo SAMS on Atco 
Sisubsntss Soflihogaphy samps were ce 
ald for PDMS to tater ees fife 
feos fen maar okie (Abc by 
stndan potlihoyraphy an EBL tchngucs) 
tothe lecular ayer (8,10, The CLL 
frooca seule! achemataly in Fig 1A 
PDMS samp was ft activated by expose to 
oxye psa, ing lly apie ad 
reasne marie (7,25 27) The stp and SAM- 
‘fin! nbn’ ee then Ion cn 
Sern cot Th ae pte ey 
fs satus, whch rorcvel et mebeoes 
sclestvely fhe azn contac iy the stp, 
ting iy etre ah high melt 
tothe sata 

Oaths et entire hyitiod 
tht the AteAu bons inthe submit 
tice. rather han the Aw-S bands between the 
st lance etre bon 


ring li-off, The breaking of Aw-Aw bonds 
during SAM desorption has been particular 
subject of controversy (6, 28-82). The mobility 
cof Au thiolates within SAMS (29, 33, 34) in- 
clcates that weak Au-Au bonds are presenta the 
substrate surface. Furthermore, ncent studies 
show the presence of Awadatoms beneath SAMS, 
‘which leads o facile A-Aw bond breakage be 
couse of reduced coordination of the adatoms 
(GS-38), Wemade a featureless, oxygen plasmas 
‘rented PDMS stamp and bought int contact 
‘with a hydoxyl-temminated SAM coated Au sur- 
face. After lift-off a peak indicating the presence 
‘of Au was observed on the PDMS stamp surace 

y x-ray photoelectron spectroscopy (XPS; se 
spsctm in ig SI). This ding consistent with 
‘Au being removed from the underlying sub- 
strate (39). 

"The presence of Au on oxygen plasma 
trened PDMS surfaces aftr chemical lito lod 
‘us to propose that a contatinduced chemical 
reaction between the hydrophilic stamp surace 
and the molecular-resist ayer results in Au-Au 
‘bond rupture during stamp removal. Studies have 
shown that oxygen plasma treatment yields siloxyl 


‘Table 1. Alkanethil molecules and terminal groups used in chemical it-ff lithography. 


Alkanethiot 


Chemical formula 


HydronyLterminated Wiletiylene glycundecanethiol TES) 
Biotin-terminated hexalethylene alycoundecanethiol, 


Hydony-terminated undecanethial 
‘Mathyl terminated undecanethiol 


Methory terminated triethylene lycoDundecanthiol 


HS (CHa) CH40)e-08 
HS (CHa) (CHAO) NAC is02NaS 
HS-(CH,)-OH 
SACHS) Cs 
HS(CH hr (GHO) eC 


I 


Fig. 1. Schematic ilustation ofthe moleclar-sess it-off proces. (A) A polyimethylsloxane (PDMS) 
stamp is activated by exygen plasma treatment, producing hydrophilic siny groups. (B) A surace- 
Induced contact reaction is implemented vi clase contact between the stamp and hydroxyL-terminated 
molecule sel-assembled on an Au substrate. (C) Stamp removal its off resist molecules and underlying 
‘Au. (Dn chemical Uif-offfthography (CLL, a patterned PONS stamp f brought into conformal catact 
with a self-assembled molecular resis. E) Lift fs limited to the tamp-contact regions. 
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groupe on PDMS stamp surfaces, which ciliate 
‘condensation rections between S-OH and hy- 
roxy] groups on different oxides such as Au, Ti, 
land Sito frm Si-O-Au. SHOT, and S-0-Si ink 
ages, respectively (0, 24, 40-42). We anticipated 
that the same type of linkage (Si-O-SAM) 
‘would be established between Si-OH groups on 
‘oxygen plasma-treated PDMS stamp surfces 
nd hyroxy-terminated groups on SAMs, 

To investigate the roles ofthe molecular exist. 
tl groups inthe CLL process, we assembled 0 
different hydroxyLtcrminated alkanethiol mol- 


cules, with and without oligo(ethylene glycol), 
ts molecular resist monolayers (Table 1). Both 
provided good transfer of stamp features to SAM- 
coated Au substrates (Fig. 2 and fig. SSA). In 
contrast, when methoxy or methyl-enninated 
allanethiol molecules (Table 1) were tested under 
the same assembly and lift-off conditions, no de 
tectale transfer of stamp fetus ws found om 
SAM-couted Au surfices (gs. SSB and SSC, 
respectively) Stamp features were not ansfered 
‘when a hydophili: PDMS stamp was used di- 
reelly witha bre Au substrate (fg. SSD). Thos, 


Fig. 2. (A and B) Atomic force microscope topogcaphic images of substrates patterned by CLL, Sel- 
asembled monolayers of hydeoxyterminated triethylene alycoalkanethiol on Au substrates were 
patterned using CL and a POMS stamp with depressed wells (2 um by 2 ym) (A) ora POMS stamp with 
protruding poss (10 um by 10 um) (8). Stamp geometries re lustrated above the images. Contact dll 
time was 5 min. AF topographical heights are shown in the scale bars othe right ofeach image. 


Fig. 3. Patteming underying gold substrates by CL Hydronterminated tilethylenegycobundecanetiok 
vas se assembled on Au substrates Lito lithography va activated PONS stamps was used to produce a 
‘arety of patterns. Substrates were then cherialy etched (Fe""Nhiourea) to patter the underlying 
‘metal by removing adltional gold in the exposed regions. The SAM molecular resist was intact duting 
maging with bright fed microscopy and AF Patterns transferred by the malecular-resi i-ff process 
Include pillars (A and), well (B and 6), and channels (€ and F). Bright-fld microscope images are 
show in (A) to (©; corresponding AFM topography images are shown in () to (Scale bars, 18 um (A), 
1120 um (8), 1325 ym (0, § um (D), 25 um (8, and 175 um (F. AFM topographical eights re shown in 
the tipper ight comers af (0) to 


REP 


tal group rect dices wheter lito oc 
cars Va kyaophilie PDMS stamps 

Fourie Srna infarc relstion absorp 
tion speetoscopy (FEIRRAS) was wel 19 te 
‘vestigate the exten of Lio occuming in 3 
woiogpical SAM Spectalanlyis indicated 
that 7 80% ofhyoxy-emnated undceane- 
thiol molecules ae remuved fer the lito 
roces (Sg. $6). Previous recive pateming uf 
Inydogenondng SAMs showed that ths evel 
of damage makes the SAM labile to complete 
dlsplcement, and the hydrogen bonding i the 
intact areas prevents dif and this pia 
<lssolution (43) The trial funtion of he 
inal SAM infec if va the extent othe 
contacted reaction a the SAMs ite 
fice Liftoll fom SAMs of lydrosyhtninge 
teletilene gheobalkanaiol (TEG) was sul 
cont enable ateming of underiing substrates 
boy wot etching and to proue ptr muli- 
component SAMs capable of birecogniton (ce 
‘low 

Chemical patems of TEG ere chartered 
ty lomic free microscopy (AFM) and bight 
fel epial microscopy as shown in Figs. 2 and 
4. Stamps with depress wellsike mo oe pro= 
‘wang posts wereused to eee diferent surface 
‘eit pattems. The sap negative was pradaced 
inthe esis as molecules were removed (stead 
faded) by pateming- For example, islands af 
SAM resist remained when samp tha de 
resid eit was usd: the areas surouning the 
Fis on he samp contacted the SAM sure, 
fl the molecular eit wa removed in thee 
reas during the lil-off step. The AFM topo 
‘gaphic imagen Fig, 24 iaseues the proud 
ing SAM islands alr patming. By contra, 
‘wellshped fetes were abr othe si 
Sat when a stamp sth promading rele was 
tse for pate (Fig. 28). fn Fig. 2. AFM 
topography profiles indicate 2.0 © 03 mie 
ces hence i and non-iares, The 
thickness ofthe TEG SAMs was 6 0.1 nm by 
ellpsomey The diference canbe account er 
toy single tom layer of Au removed daring 
the lit process 

\We explored he use ofthe intact SAM areas 
as an unconventional resist to ane atoms 0 
the underlying mei Au, dough sleeve 
‘wot chomocl etching (19,4, Expose aso 
the Aw srice were contcted hy the etchant 
solution hie the inact SAM molecular reat 
Protected the remaining regions of A. Etchant 
‘cliions removed exposed Au va aidan by 
Fe followed by complexation and csolton 


cof oxidize metal by thiourea (45) varity of 
pattems (inverse replicas ofthe PDMS stamp fe 
tures) wit Features of diferent sizes were tran 
fered, incluling lines, holes and pillars (Fig 3) 
The advantages of large patterning areas andl 
hit 


fidelity features are apparent in the bright- 
id images (Fig. 3, A to C) and AFM to- 
posraphy images (Fi. 3, D to P, respectively 
Ditferences in AFM heights indicat that features 
Jha been transfead to the level othe undying 
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substrate a a depth of 30m —the thickness of 
the original Au layer 

In sition to transfering pattems to SAMs 
and underlying An substrates, CLL enables a 
SAM ota diferent compton to be assembled 
‘on be li-off areas, Figure 4A shows large-area, 
high-fidelity pater of steptviin binding to 3 
biotinylated patter crested by ling off areas 
‘of an initial TEG SAM to expose fresh Au sub- 
‘sate undemeath. The substrate was then expo 
to 90:10 TEGotn-teminated hexalethylene 
iycolialkanethiol (Table 1) to produce alow 
density biotinylated patterned SAM (17, 18) 
Septaviin ys cape fom solution by sii 
tethered biotin Bound steptvidin was detected 
hy fluorescence microscopy af fluorescein i80- 
thiseyanate (FITC)-conjugated anibodis against 
sirepavidin. The bright fuoescent regions in 
Fig. 4A and its inset display the lifeol¥ areas 
‘where biotn-erminate alkanethiols were back 
filled and used to capture streptavidin from 
solution. The dark regions display minal ures- 
‘exnice hecause of the absence of bivtn-erminated 
lkancthiol and the resistance to nonspecific pro 
tein adonption by TEG (17.46) The fabrication 
‘of botin-ntyptavdin pater demonstrates not 
only that CLL transfers large-area, high-fidelity 
pattems to SAMs, hut also thatthe Aw areas ex- 
sed afer lift-off are advantageous for prose 
ing mntilexed binelcctve ptiemod surfaces. 

To cany out nanometer-scale chemical pat- 
tering, we implemented the liftoff process for 
biotin-steptavidin deserited above, using a PDMS, 
stamp with 90-nm wellike features (Fig 4B) 
‘Areas surounding the wells were lite off and 
buckfled with bitin-terminstedllnethiol to 
‘copture streptavidin, whereas the areas inside the 
‘wells were not removed, producing TEG islands 
Tn one method 1 achieve features smaller than 
‘0/am, a double i-off stategy was wed in which 
the PDMS stamp was twice brought into con- 
foal entat with the substrate (Fi. 4E), The nt 
tial it-of step removed the molecules in the 
areas surrounding the stamp wells, leaving the 
‘TEG SAM inside the wells intact. During the sec 
‘ond it-off step, the tamp was ofc with respect, 
to the frst pattem, (This result was initially 3 
serendipitous consequence of being unable 10 
‘maintain exact registry between mulple stamp 
ing steps) Additional aes of the TEG SAM were 
removed, depending on the amount of resi 
tion. The exposed AU surfaces resulting fom 
both TEG removal steps were backfilled with 
bioin- trina alkanethio. Figure 4 illustrates 
decreasing regisation associated with smaller 
feature size. The realting intact TEG regions 
formed increasingly narow marquise shaped fe- 
tures with deersased spacing between bioin- 
‘sreptavdin molecular recognition areas. Not that 
ifeonventional contact printing were used inthis 
‘ase, lateral diffusion of ink molecules would 
blur nanospaced fetures beyond detection by 
APM (47) In Fig 4C, sharp festues 40 = 2 nm 
in width were diretly fabricated using a stamp 
‘vith 40-nm channels, indicating that we have ot 


yetreached the esluton limit of the CLL meth- 
td, Exploring the effects of Au grin sie will, 
also be importint for fture mechanistic staies 
tnd possible futher improvement of nanoscale 
feature reson. 

Lateral dffasion of ink molecules, which oc- 
curs during increasing stamp contact mes andor 
‘molecular ink concentrations freddie pining 


Preformed well-ordered SAMs, song intemal 
‘ular interactions between hydrophilic SAM mol- 
‘cles, and a diftsion barr ereted hy the Aw 
step edges (48) formed during if- prevent pat 
tem dissohition, Patemed TEG SAME prodaced 
by CLL shoved no discemable dissoliton ater 
2 days under ambient storage conditions (i. $8). 
Furthermore, the backfilled multicomponent 


methods on bare Ausubstaes,isavoided im CLL. SAMsshown in Fig. 4 were produced by solution 


 sprcon 


Second 
Contiet Reeton 


. Largearea patterning of mi: 
‘aowale and nanoscale features va LL, 
(09 Tiethylenegyoatanetiol EG) 
self-assembled on an Aucoated sub 


state was subjected tothe lt-ff ro 
ess sng a PONS stamp having UCLA” 
characters postive (protruding) fe 


tures and "CWSI characters as negative Pe i i a fe 
(depressed) features. After patterning, 


nen monolayer of 30% TEG/10% botinterminatd aligolethylene glyeoatanethiol (nominal solution 
‘ato) was selFassembled on the exposed Au regions ("UCLA characters and ares surounding the "CNSI" 
characte). Bright areas indicate fluorescence asicated with FIClabeld antisteptavidin antibody 
recognition of streptavidin bound to bitin. Dark areas display minimal fluorescence due tothe protin- 
resistant characteristics of TEG. The fluorescent pattern is sharp and extends over a large substrate 
area (23 mm), Scale bar (main image), 250 pm. (B) Aucoated substrates coated with TEG self assembled 
‘monolayers were subjected to the li-lf proces using a POMS stamp with hales 90 nm in dameter, After 
patting, a new monolayer of 100% biotn-terminated oigolethylene glyoakanethial was sal 
asembled on the exposed Au regions (areas surtounding the resting ilar features). Scale bar (rain 
image, 400 nm. The inset shows a high-esoluton AFM image of biespecitc 90-nm creular features 
produced by CLL (C) AFA images display botn-teptaviin recognition areas separated by narrow tine 
features. The inset shows a detailed AFI mage ofan individual ine feature width 402 nm) made using a 
stamp with 40-nm channel, cae bar (main image), 1 ym. (D)A PDMS stamp with les 90 nm in ameter 
as brought into conformal contac once with aTEG SAM (upper ef In ths case, substrates were stamped 
twice with decreasing registry (ubsaquent images from let to righ Patterned substrates wee backflled 
with biotin-terminated allanethiol.(E) Topographic AFA images display decreasing feature ies (ram left 
to right: 90-+ 5m, 0° 3 nm, $0 2m, 30-+ 3 am, and 25 * 5 nm, Protuding ight areas indicate 
biotn-sreptavidin recognition. Shallow (darker) areas comprise intact TEG SAM. Scale bars, 100 nm. 
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deposition of the scond SAM component over 12 
‘hous; sharp pati features were produced even 
in this case, arguing against difision or die 
soltion ofthe onginal ita pat. 

‘We investi th time nec for the contact 
induced cherie reaction at the stamp-substrate 
interface by examining I-min versus Sin con- 
‘act times between oxygen plasma-trested PDMS, 
‘umps and hydroxyemninated,alkanthiol-coated 
‘Au surfices Peatures were transfered even with, 
[-min contact times; however, shorter contact 
times resulted in poor fetures produced afer wet 
‘ching. Additionally, pattem transfer was main- 
tained wit short SAM deposition times Hydroxy 
teminated alkanethiol SAMs formed daring 
hour of deposition were found to provide god 
‘rans of stump features to Au substrates, com- 
parable to trnser obtained fromm SAMs farmed 
‘ovemight. These findings demonstrat advantages 
‘associat with short coptact and SAM formation 
times for faiittingrobus, expeditions, and high- 
‘houghputpateming by CLL. Ukimately, its 
fir SAM deposition and stamp contact times 
‘will depend on the specific molecules used for 
SAM formation, 

‘With this method, conventional naplitho- 
rapic pateming techniques such as photoi- 
thography and cletrombeam litiogrephy nes 
‘only be sed forthe fabrication of samp master 
molds. Once individual masters ae produced, 
‘CLL ean be implemented as strategy for high 
‘solution, high-throughput, low-cost pater fb- 
‘ication. Because CLL enables pattems to be 
transfered to underlying substates and ean be 
‘used in a muliplestamping straegy to produce 
pats that are smaller than the etal strap 
Features, possible applications of CLL ineludethe 
production of high-fidelity nanometer-scale pat 
ferns on Au substrates, as well s pteming of 
diferent materials such as Si, Ge, Pd, Pt and 
‘srphene 
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Pulsating Tubules from 
Noncovalent Macrocycles 


Zhegang Huang,™* Seong-Kyun Kang,* Motonori Banno," Tomoko Yamaguchi? 
Dongseon Lee,* Chaok Seok,” Eiji Yashima,* Myongsoo Lee 


Despite recent advances in synthetic nanometer-scale tubular assembly, conferal of dynamic 
response characteristics to the tubules remains a challenge. Here, we report on supramolecular 
ranotubules that undergo a reversible contraction-expansion mation accompanied by an inversion 
of helical chirality. Bent-shaped aromatic amphiphiles sel-assemble inta hexameric macrocyles 
in aqueous solution, forming chiral tubules by spontaneous one-dimensional stacking with a 
‘mutual rotation in the same direction. The adjacent aromatic segments within the hexameric 
macrocycles reversibly slide along one another in response to external triggers, resulting in 
pulsating motians of the tubules accompanied by a chiral inversion. The aromatic interior of the 
self-assembled tubules encapsulates hydrophobic quests such a carbon-60 (Cy). Using a thermal 
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tigger, we could regulate the C 


clf-assembly of small molecular modules 
into tubules with hollow cavities is a key 
structural feature of living systems, as ex- 
cmplilied by tobacco mosaic vu and eytoplas- 


* eprint of hey, Sou Wainal Une, eau 
151747, fe, “Departnent of lecular Design and Er 
‘eng, Graduate Sol of Ennesng, Nagy Unter 
Shy, Chikisa-us Nagas 4648605, lg “Depa of 
‘heey, arin tuto Teale, Hab 5000, 
Piece 

‘Ty shaw conespndence stl be ates, Ena 
ryonplegstacir 


1 interactions through the pulsating motion of the tubules. 


‘mic micrtmbules (2) Inspired by the biological 
systems, numerous efforts have been devoted to 
the design of synthetic building blocks that can 
fim such hollow nanostructures throug arches 
trated interplay of various noncovlent interac 
tions (3). Symbetc tubules have previously been 
fishioned by self-assembly of Up molecules (4), 
‘umatc amphiphiles (5-9) and oligopeptides 
(10-12) The stacking of ing shaped compounds 
isanaltemative way to const tubular structures 
(15, 14, Aa example is provided by doughnut- 
Tike toroidal proteins that stack on top af one 


1521 


| REPORTS 


1522 


another, triggered by disulfide ond formation to 
‘rate stable nanotubes (15,16) Nonetheless, in- 
tegration of dynamic response characteristics into 
‘omhcic tubules is limited. Stimul-rsponsive 
action is known to occur in protein rings in vive, 
but thei one-dimensional (1D) fixation into - 
ules normally requires chemical reactions i 
compatible with dynamic motion (15-17). Lipid 
tubules face similar challenges hecause exter 
‘al tigger lea othe collapse oftheir internal 
‘ewes due to poor aggregation stability (Z) 
‘Thetubules formed by stacking of covalent macro 
cycles normally equie hydrogen bonds 00 in- 
fleible to undergo dynamic stractra changes 
without breaking (11,13), 

The appro to tubule design presented here 
‘overcomes these limitations through cretion 
‘of monovalent aromatic macroeyeles in which 
adjacent aromatic segments can slide with re- 
pect to one another in response ta external tri 
ize. The noncovalent macocyelesspontancously 
‘Sack om fopof eachother to form a tubular trac 


Aes Fd 


pee 


ewe 


vy 
3 


1 


Fig. 2. (A) Molecular structure of bent shaped rod 
amphiphiles. (B) ATEM image of from 0.01 wt 
aqueous solution (scale bar, $0 nm). (C) Absorp- 
tion and emission spectra of 2 in CHCl black and 
solid line) and in aqueous solution red and dashed 
line. (0) A TEM image of 2a from 0.002 wt 9 
aqueous solution (scale bar, $0 nm) (E) Absorp- 
tion and emision spectra of 2a in CHCl: ack 
and solid line) and in aqueous solution (red and 
¢ashed in) 
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‘ure wih hyekophobic interior aqucous soon 
‘The resulting tabules undergo a drastic contacto 
‘of Ss in internal volume ype esting. with 
chili inversion throug the sing motion be 
‘yeen the neighboring aromatic segments within 
themacrocyeles. The aromatic intr ofthe tubules 
fn encapsulate fleene molecules daring ase 
bly, some of which are released upon contraction 
by heating. 

The sel assembling molecules that frm this 
aggregate consist ofa bent-shaped aromatic ses 
‘ent with an intemal angle of 120° and hyo 
philic oligother dndon grafted at its apex (Fig, 
1A), Molecule 1 selfassembles into the hollow 
tubules in dilute aqueous solutions. Transmission 
clectron microscopy (TEM) showed elongated 
‘jects with an extemal diameter of Tm and a 
hollow interior witha diameter of3. am (Fig. 1B), 
A few toroid, albeit rare, could be observed in 
the images. The diameters ofthe toroide are iden 
teal to those of the tubules, suggesting thatthe 
tubules originated fom troidal stacking. Dy 


PA erog 


2a 
S-Enantiomer 


‘namic ight scattering (DLS) experiments witha 
(6.002 weight percent (wt) aqueous slution of 
1 showed the concentraton-independent hydo- 
dynamic aus to be “145 am, which is consist- 
cnt with the TEM results (fig. $2, A and B) 
Optical spectra of 1 displayed a blueshifted 
absorption maximum and reduced fhuorescence 
imtensity in water compared with chloroform 
solutions, indicative of H-ype stacking of the 
aromatic Segments (Fig, 1C). Circular dichroism 
(CD) spectra of the aqucous solutions showed a 
significant Cotton effet above certain concen 
‘rations (0.002 w 9) inthe spectral rnge of the 
sromatc unis, indicating that the ables adopt 
‘one-handed helical structure (fg, $2C). To gain 
insight ito dhe primary sirctue of the aggre 
gles, we conducted vapor pressure osmometry 
(VPO) measurements in dioxane in the concen 
tration range of 12 to 35 ghkg (sample'solvent). 
‘The molecular weight ofthe primary aggreste 
‘vas measured to be 10.5 kD, x ines as ges 
that of the single molecule (1841 D) (ig. S2D) 


2 J 
fon as 


2b 
R-Enantiomer 


‘Wavelength (am) 


=a, 


Wavelangth (am) 
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“These obserations, together with inspection of 
CDK models indicate that 1 slf-ascmbles via 3 
fully overlapped packing amangement into the 
Jhexameric macrocyces, which, in tum, stack on 
top ofeach other with mutual ration in single 
lireston to for helical tubules. 

‘We envisioned tht introduction af a pyridine 
‘unit on the concave side of the apex of te bent 
shaped aromatic segmnt might induce adjacent 
rmolecle o slide into a lonser packing arange- 
‘ment because pyridine is well-known to form 
‘water clusters through hydrogen bonding (18, 1). 
In this context, we prepared 2a containing a pyr 
ine unit at ts valley postion. DLS experiments 
with dilute aqueous solutions (0002 wt % 
cated formation of disrete agaregates with 
slameter of ~12 nm (fg. $3A). The as 
structure was visualized by TEM (Fig. 1D), When 
the sample was east fom the solution and then 
‘negatively stained with uranyl acetate, the image 
showed toroidal objects with uniform diameter 
of 11 nm and an intemal cavity 4 nm in diameter. 
‘To futher confirm the formation ofthe toroids, 
wwe performed atomic fore microscopy (AFM) 
‘measurements ofthe samples preparsd by drop 
casting ofthe aqueous solution (0.002 wt) on 3 
‘mica surfice (fig. S3C), The image clearly re- 
vealed toroidal objcts 3.4 A in height, demon- 
trating thatthe toroidal objets are single stacks 
‘ofthe esamene macrocycles, In great contrast 10 
1. the absompion marinum of 2a in water is ed 
shifted and the fuorescence intensity parent. 
Ty enhanced with respect to those observed in 
ctlorfrm solutions, indicative of ype stack: 
ing ofthe aromatic seyments (Fig. 1E) (20) All 
these observations indicate tht 2a set-assembles 
into expanded hexameric macrocyles though 2 


> 


‘cD (mes) 


Wavelength (om) 


° 


rm 


"Wavelet (om) 


Fig. 2. (A) CD spectra of 2a in aqueous solution at various concentra 
tions. (B) TEN image of 2a from 0.01 wt % aqueous solution prepared 
at 60°C (scale bar, 100 nm) (Inset) Prepared at room temperature. (C) 
Temperature dependent CD spectra of 2a (0.01 wt %) in aqueous solution. 
(D) AFM phase images (scale = 60 by 35 nm) of 20 self-assembled right 
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slipped packing arangement between the aromat- 
je segments. The expansion ofthe aoncovalent 
smacrocyclsis reflected in increased dimensions 
‘ofboth extemal and internal diameters compared 
with that of 1 Fig. 1D). This expansion ofthe 
hexameric macrocyeles could be explained by 
considering the formation of water elusters at 
the pyridine nit ofthe v-positon af 2a, To cor. 
roborate the formation of water clasters atthe 
pyridine unit, we prepared model compound 7a 
(2.6-disromo pyridine derivative). Proton clear 
‘magnetic resonance ('H-NMR) measurements 
tof 7a shoved thatthe proton signals associated 
‘with the pyridine are dowld-shied when the 
solvent is changed from CDCI, tp D.O1HL0, in- 
Acting the formation of hydrogen bonds with 
14,0 at the pyridine unit (ig. S3E), The water 
clastrenfirces sipping of adjacent aromatic eg 

rents into looser packing amangement to r= 
doce steric crowding atthe valley position af the 
internal cavity. The sliding motion between the 
adjacent aromatic segments gives ise to the for- 
tration of the expanded hexameric macrocycles 
‘with an increase in external diameter from 7 to 
Tam, 

The expanded macroyeles undergo supra- 
molecular polymerization with increasing con 
centration by stacking ontop of each ater with 
‘mutual rotation in the sume direction to fer 
elongated helical tubules. DLS measurements 
showed that hydrodynamic ius increases, with 


‘nreasing concentration within thie range of con- 
craton (8. $44). The TEM image af the so 
Jaton with # concentration of 0.02 we revealed 
the formation of elongated tubules with an ex 
‘eral diamter of 11 am and intemal diamtr of 
44m (Fig. 28, fig SSA) These results demon- 


2» 


state tht he dsmetrs othe hexamer cro 
‘es are conserved even afer supramolecular 
olyerizaton. Ths alo elected in the un 
Shere opical spectroscopic fares te trans 
formation into the tubules: tht is, preservsion 
othe slipped packing arrangement of the aro 
Inatc segments (ig SHC). CD spect show 
increased tensity with increasing concentra 
ton ilicatv of helical sacking of the mace 
cles witha prefemed handedness (Fig. 2A) 
“Assemblies deve fom the enanborse 2 dis 
play opposite CD signals with a miroeimag 

‘Plats (Gg. SAD), dating ta the mol 
‘le chiality is stared to the slPamscbled 
suc (27,22) 

“The formation of hollow aus with oligo 
«ther dene exterior an pyridine interiors 
sted thal aqueous oltions of 2 would ext 
‘bemorespoasie bchuvior, beats the eylene 
‘oxide chai and the pyridine units undergo the 
‘mally regula dehyain upon heating (23. 
‘This dehydtion was confimod by temper 
dlpendent "HNMR measurements with ret. 
ce Ta (fig SSC), The rsonances asocited 
‘vith pyridine unite shied pl and thse of 
the etivlene oxide chains broadened, together 
‘witha deteasein intensity pon heating above 
58°C eal demonstrating he os of bose 
bonding interactions between pyrainenitmgens 
crether oxygens and water molecules. The de- 
Iytion process ould allo sliding of the 
matic acgments from the slipped arrangement 
inthe filly overlapped moti mimi ao 
matic wm stacking interstons, This packing 
‘consieraton elected in the blued ab 
Sorption masiman and fluorescence quench 
ing upon heating (fg. 86, A and C), Websieve 


Spore = 7.1 a? 


Vpre 3.1 


hhanded 2a (left) and left-handed 2b (right) on HOPG. (E) Schematic 
representation of reversible switching ofthe tubules between expanded 
and contracted states with chirality inversion. Sy, cross-sectional area of 
hallow poe in a slice ofthe macrocyces; 
slice of the macrocye) 
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thatthe observed spect changes a 
ofa fully overlapped /4type packin 


rent of the aromatic segments (2 


On heating to 60°C, the mbular structure wa 
ined (Fig. 2B), However, the diameter dr 

ally decreased upon n 

file taken perpendicular 

tubule showed the extemal and it 


ters a be 7a indicative of 


cavity with respect 0 that a 
S55, A and B), This size chang. 


perature ( c 


ther with all the spectral chan 


versible on cooling and subsequent heat 
cycles. We 


nthese experimental = T 


rests from the molecule earn 


Top view 


Side view 


Fig. 3. Molecular dynamics simulations. (Ato © Orientation ofthe dendtc 
calm (8 the helical avs plane, (B) the macrocyclic plane ofthe expandk 
slate, and (C) the macrogytic plane ofthe contacted state. (D and E) Rep 
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from the negative minimum 
2 47% reduction in eroseectonal area ofthe Cotton effect, indie 


D 


‘Notably, this exp 
ofthe tubules is accompanied by ci 


on wavelength of th 
‘tic uni, indicating the formation of «helical 


absorp 


opposit-h 
al with ne 


up to 45°C and is completly reversed (HOPG) in the completly 
1f 10 2 postive Cotton effect upon further heat 

was bie shifled, and 
sults that this reversible contraction ofthe tubules the matsimum intensity of the CD signal was rods on the HOPG surface correspond to the 


ed formsoth 
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ndedness (2. 


li 


iting motion between the adjacent aroma 


son-contaction motion sponse to 
sdout TEMexpeniments, sion (Fig. 20), The CD spectrum of 2a showed a independent CD signal of 1, suggesting thatthe 


thatthe helical ser 


the re x that 


2 temperature signal, demons 
ly dynamic 
STA). This positive 


eft isthe same as tha in the terpeatur 


tubule of 2a at higher temperatures adops the 
same sense af helicity as 1 (ig. S7C). This result 


sd on fully overlap 
matic sezments (Hype packing). 
Ta corroborate the handedness ofthe helical 


25). The tubules, we performed AFM experiments with 


cot through identical but with an apposite Coton eff 


see aan 2hom hig 


revealed bundles of rod-like ag 
of ~7 nm (fi. 8), su 


fiom tracted tubules derived fom the Fsype 


Right-handed 


resentative images of top and sie views ofthe (0) expanded and (E)cootaced 
tubules obtained from the simulations. Pyridine ntagen atoms 
ae represented as colored spheres 
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inti in aqueous solution, Indeed, the solution 
(CD signals observed at room temperature inverted 
{o opposite signs upon complete drying (fig. $9). 
“The magnificl image of tuboles comprising 2a 
(ig. 2D. le revaled a right handed bial struc 
ture wih pitch of 3 nm that the miorimage of 
the tubules comprising 2b (Fig. 2D, righ). This 
‘mirror image relationship is consistent with the 
CD results In contrast with contracted tubules 
on HOPG, elongated objects with a diameter of 
11 to 12 nm probably comesponiing 1 the ex 
panded state U/-type packing) were observed 
‘when aqueous soins of 2a and 2b were cart 
‘on hydrophilic mica substrates, Although we bad 
slficulty observing clean helical structures om the 
‘objects, most key duet ther soft and hydrated 
surfaces, the mimorimage helices formed though 
the enantiomers in the expanded ste were also 
‘observed in pat (fig. $10, Cand D). 
‘Molecular dynamics simulations of 2a using 
the GROMACS 4 program supported atinbu- 
tion of the chirality inversion to an orentation- 
al change with temperature of the dendritic 
‘chains on the rule exterior (Fig 3). According 
to the calculations, the expanded macrocycles 
stackon top ofeach other with mutual rotations 
tan angle of -10*in the same direction to give 


Fig. 4. Encapsulation of fullerenes 
within the tubular cavities, (A Fluo- 
tescence spectta Os = 380 nm) of 
2a in aqueous solution (0.08 wt %) 
Without Cp and with 0.1191. equiv 
Go. The Inset shows the variation fs 
of emision intensity at 450 nm. (B) 
Utravolet-visible (UV-vis) spectra of 
2a and 2a4Cy in aqueous solution. 
The inset shows 10x magnified visi 
ble region. () UV-vis spectra of 2a 
{in aqueous slution with 0.4 equiv 
ea (D) Reversible absorbance change 
(of Ca inside tubular cavity upon te 
peralie varlton, (Schematic repre 
sentation ofthe regulation of Ca aa 
intracons within the tubular cavities 
then the tubule contains 0.4 equiv 
Of Cae. 


A 


rise to left-handed helical tubules, wheres the 
‘contracted macrocycles twit +6" to give right- 
handedness (Fig. 3). The observed inversion of 
helical handedness seems to result from two 
‘independent orientations ofthe dendritic mot 
ties with respect to both the helical axis and 
rmacrocyele plane (fg. $11). Due tothe chiral~ 
ity ofthe ethylene oxide chain, the oligoether 
Xdendron adoptsan upward ericmtaion respec 
tive ofthe expanded or contracted motif (Fig, 
3A), However, the dendritic segments udopt dif 
erent orientations with variation ofthe diam- 
ster of the helical tubae along the macracycle 
plane. Inthe expanded moti, there are mar- 
final spaces outside ofthe aromatic rings that 
the dendrimers occupy, resukng in steric rel 
sons between bulky dendeic segments on the 
Jef side of each vertex (Fig. 38), To relieve the 
steric repulsions without sutifcing x-stacking 
interactions between the rds, the upper layered 
smacroeycles ott clockwise to frm le- handed. 
hil tubules (Fig. 3D), However, in the con 
tracted motif, the closely stacked macrocycles 
crowd out the dendrimers fm the marginal 
space leading to steric crowing on the right ide 
ofeach vertex (Fig. 3C). This spatial requirement 
Indaces the upperlayerd macroeyeles to rotate 
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counter clockwise, giving rise to right-handed 
Delica tubules (Fig. 38). 

‘This dynamic motion ofthe tubules eam be 
accompanied by packing variations of encap- 
sulated hydrophobic guest molecules (Fig. 4) 
‘The tubules with aromatic cavities ean take up 
Ci molecules throug hydrophobic interactions 
dlring assembly. Upon addition of Cia to the 3 
luton of 2a, the flaorescence intensity was con 
siderably suppressed (Fig. 4A), indeating that 
Cy was effectively encapsulated within the hy- 
drphobie interior ofthe tubules (26, 27). The 
fluorescence intensity decreased with an increase 
in fille content up toa erin pin [0.8 eu 
alent (equiv beyond which the uorescence 
dld not change upon futher fullerene addition to 
the solution (Fig. 4), Therefore, the maximum 
amount of Cy loading per bent-shaped molecule 
‘an be considered. equiv, On beating portion 
‘of the Cy guest population was released from 
the tubular intenor due to the shrinkage of the 
tubules. The absorption intensity comesponding 10 
yy dered 04 xp, indicating that Oui 
cf Gyo ezape foe the tubular interior through 
contraction (ig, $12). Subsequent cooling ofthe 
Supemtant fo room temperature led to 8 color 
‘change fom dark to pale yellow, with considerably 
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‘reduced absorbance at 452.am (Fig 4), indicat- 
ing that Cryo interactions are diminished due 
to expansion ofthe intemal volume (28). The ab- 
sorbance and solution color immediately recover 
to those of the conicted state upon subsequent 
heating, indicating thatthe breathing motion of 
the tubules leads toa reversible switch between 
tight and loose packing of the fullerenes within 
the tubular cavity (Fig, 4, D and E) 
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A Crystalline Singlet 
Phosphinonitrene: A Nitrogen 
Atom-Transfer Agent 


Fabian Dielmann,*? Olivier Back," Martin Henry-EUtinger,** Paul Jerabek,? 


Gernot Frenking,? Guy Bertrand™* 


variety of transition metal-nitido campletes (metallonitrenes) have been isolated and studied 
{nthe contest of modeting intermediates in biological nitrogen fination by the nitrogenase 
‘enzymes andthe industrial Haber-Bosch hydrogenation of nitrogen gas into ammonia. n caotrast, 
‘nonmetallic nitrenes have so far only been spectroscopically observed at low temperatures, 
<espite ther intermediacy ina range of organic reactions Here, we report the synthesis of 
bisimidazolidin-2-iminato)phosphinonitrene, which is stable at room temperature in solution and 
‘can even be isolated in the solid state. The bonding between phosphorus and nitrogen is 
analogous to that observed for metallonitrenes. We also show that this nitrid phosphorus derivative 
‘an be used to transfer a nitrogen atom to organic fragments, a dificult tak for transition 
smetal-niride complexes, 


active intermediates play a central ole 

jn modem chemistry (1), The isolation 

of stable analogs bas facilitted a beter 
‘understanding of he reation mechanisms andl in 
some cass, as given rise to distinct applications, 
as illustrated by the eeent developments in car- 
bene chemistry (2-7). However, dere are still 
many families of reactive intermediates that 


have cluded the syntetic sil f investigators: 
Among these ae nitrenes (8, 9), the nitrogen 
analogs of carbenes, which are compounds with 
‘sneutal monocoordiatenttogen ator featuring 
tithe alone pat and two singly eccupied non 
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Sot alone CA52521-0105, USA "anes 
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sree, 3052 atu, coma, 
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‘hondng bial (triple state) or two lone pais 
sand an accesible vacant orbital (a singlet stat). 
‘Those highly reactive elcctron-deicient species 
are involved in many reactions of synthetic i 
terest such as CH-insertion, ring expansion, and 
‘aiidination processes but have never been 
isolated, with the exception of metallonitrenes 
‘A (Fig 1A) (10-14). The latter ean also be = 
garded as transition metal-nitrido complexes 
(L,MN, where L isa igand, and M isa meta), 
Thecus onc of thir contributing resonance struc 
tres features a meal-itrgen multiple bond. 
‘An MEN or bond i formed fromthe interaction 
‘between an orbital of ¢ symmetry on the meta 
and 8 p. oF sphyid orbital of the mitrgen 
ftom. In addition, x bonds can be formed via 
‘overlap ofthe nitragen p, and p, orbitals with 
appropriate orbitals of x symmetry on the me- 
‘al Overall a meta-nitogen bond order of three 
is possible. 

"The most stable nonmetallic nitrenes are 
the aminonitenes B (Fig. 1B). The N-2.2.5.5- 
‘eramiylpylidylhtene (BI) and Ni 
tetrumethylpiperidy!)nitrene (B2) (Fig. 1B) 
dlscovered by Dervan and co-workers (15-18) 
are suffcienily long lived in solution at 78°C 
to permit spectroscopic characterization and pu 


Fig. 1, Metalo- (A), 
ano, and phono” 
(Gites et ad thei 
respective meta nitido, 
1 eazene and phospho: 
rusriido esorance os 
(ight. Aminonitrenes 82 
and 82 are table at low 
temperature, 
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‘ification by low-tessperature chromatography 
(C88:C). The relative stability of aminonitrenes 
has been strut to the interaction of the 
mino-N lone pair with vacant orbital of the 
ritene, as shown by the 1, [-liazene resonance 
form, a mod of stabilization widely applied for 
canes (19,20) 

‘We reasoned that replacing the amino group 
‘of B Fig 18) by a phosphino group should fr- 
ther enhance the stabilization of the nitene be- 
‘ase of the possible back-donation of a nitrene 
lone pair into an accesible a* erbital at pose 
phorus, as manifested in the niido phospiors 
esonange form (Fig. 1C) (20-27), Here. we = 
por the syahesis and single-rystal ray iline- 
tion stay ofa phosphinonirene, which s stable 
fr days‘ room temperature (bo in. solution 
and inthe solid state) but remains very ative 
as shown by its 1,1-coupling reaction with an 
‘soni, 

In 2001, computational study by Schoeller 
and Rachenko (23) conclade hat the most ap 
propriate substiters for stabilizing phosphine 
ntrenes should be stong x danors and weak 
accepios. Schuller and Razhenko suggested 
that “substiuens, which bea an imine finetion 
in the c-postion othe phosphorus stom, e. 
the posphaniminato group" would be the best 
choice (23) Based on this prediction andon the 
efficiency of the imidazobidin--iminato group 
forthe stabilization of various phosphorus (28) 
and metallic species (29-31), we prepared azide 
2.32) from the eorespooding chloride derivative 
1 (X= Ch (Fig. 2) 25) 

‘We sted tiene solution of 2 under ir 
dition (254) at oor empeature or 2 hous 
‘na quartz tube. Afler removing the solvent un 
der reduced pressure, we obtained nigene 338 8 
pale yellow solid in 92% yk The "P moclear 


ruagnetic resonance (NMR) spectrum shows & 
singlet at 7.7 parts per milion (ppm), shied 
upfield in comparison with the azide starting 
material 2 (111.0 ppm, indicative of «hyper- 
valent phosphorus center. To measur the "N 
NMR chemical shit of the mitre mitogen 
(23), we prepared the "N-enriched arid 2 
(RPENNEN) frm f and Na"NNN ana photo 
Iyzed ito frm abe 3%, For2* the Ny and Ny 
Positions exhibit singlet at 196.6 ppm and a 
Mloublet at 95.8 ppm (coupling constant Jey 
105 Ha), respectively, The ntrene nitrogen of 3 
sppears as 8 doublet wih a lager PN, coupling 
consint (144 He), which again suggest the 
presence of « PN enutile bon This signals 
downfield (266.0 ppm) compar wi that of 2° 
but is stingy shielded compared with the 
resonance observed forthe nitene nimogen of 
N-2.26f-emamedhylpipeidynizene 1 (9170 
am) (Fis 18) (18) The same high-field shielding 
fcc is observed when comparing the "C 
themical sift of the carbene earbon of phos 
phinocarbenes (80 0 150 ppm) with hat of ai- 
ocarbenes (20010 400 ppm) (34, 

‘We obtained single crystals of 3 by disoly~ 
ing the powder in warm hexane, filtering, and 
storing the fiat at 30°C. An xray difaction 
study (Fig 3) shows thatthe phosphorus atom 
‘ns planar environment (sum of the angle: 
359.9) and the P-N() boa length is very short. 
[1.45708) A, number in parentheses indicates 
the standard uncertainty. For comparison. the 
PAN({)and PNG) bond stances ar 1.6298) and 
16188) A, respectively and reported PN dose 
be bonds ae inthe range of 150 to L.A G3), 
Al of these geometric parameters suggest the 
presence of a PN multiple bond. 

“To gun further insight in the clectoni swe- 
ture of 3 we used quantum chemscal methods 


i ipp ¥ rots 
@ oa Kun a 
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Fig. 2. Synthesis ofthe room temperature (RN, table phosphinanitrene3(Dipp, 2,6-isopropyiphenyD. 
Similarly to metallanitrenes, 3 reacts with sopropy socyande, affording carbodiimide 4, Addition 
{of tsopropytiate completes the nitrogen atom-transfer sythetic cycle, giving back the starting 
phosphenium salt X= OT) anda miure f cyanamide 5 and carbodiimide 6 hy, inadation 254 nm; 


"Py, oprnyt group. 
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study the model compound! 3a (Which has 3 
phenyl grap in place ofthe 2 fedisopopylpeny 
substituents). At the MOS-2N/TZVPP level of 
‘beory the wilt state features # nonplanar pos 
phorus center and is 36.0 keal’mol higher in 
nergy than the singlet state. For the later, the 
‘geometry isin good agreement with the exper- 
imental data (se fig. S21 and accompanying ex). 
Natural hond orbital (NBO) calculations give 
lange negative partial charges for N7 (= 
where ei he elementary charge) and Nt and 
4 C0.96, whereas the phosphors ator car 
fies a lange positive charge (+1.92e), There i 
P-N7 abond and an out-oFplane x, bond, both 
of which are clearly polarized toward the ni- 
‘nogen atom: the ater as one and one in-plane 
1y lone-paie orbital. The Wiberg bond onl val- 
‘us suggest a double bond for P-N7 (2.09) and 
single bonds fr P-N1 and P-N4 (088) The NBO 
‘esuls are supported by energy decomposition 
nays with natural obi for chemical alenee 
{EDA.NOCY) cautions of nitene Sa UN 
two diferent agmentation schemes, The P-N7 
‘rnd was roken (i) ito neal eagmentnitogen 
stom inthe P reference ste an the phosphiny 
fragment in dhe matching doublet state) and (i) 
into chaged fragments (Nand the phospiny! 
‘ation inthe triplet sate). In both eases, the re 
sults show thatthe P-N7 covalent bond comes 
‘mainly from the « bond (52% forthe neutral 
fragments, 47¥ forthe charged fragments) and 
from them, bond (36% forthe neutral fragments, 
3% forthe charge fragments) The conibution 
atten in ich lle 
fore neta rgments, 11% forthe chard 
fpr Fie 4A © C show high 
Tying occupied molecular orbitals of Sau (With 
amt up inplac ofthe 2 <isoprepyipbeny 


Fig. 3. Molecular view of phosphinontrene 3 in 
the solid state (for clarity, H atoms are omitted. 
Selected bond lengths and angles: CI-N1, 1.282 + 
AA; C-N2, 1370 11 A; LNB, 1374 = 114; 
(C4, 1312-111 A; CNS, 1368-21; CNG, 
1301= 11 A; P-N1, 1.629 8 A; PNA, 1618 
A; PANT, 1.457 = 8 A; CLNL-P, 126.7 © 7%; 
CANS, 127.2 = 6 NI-PG, 101.8 = 4 NLP. 
7,129.5 = 5% and N4P-ANT, 1286 = 5°, 
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‘A HOMO (-3.81 eV) 


B HOMO-1 (-4.77 ev) 


© HOMO-5 (-5.67 ev) 


(NHC) <P. 
) 


Fig. 4. (Ato €) Plt ofthe calculated highestying occupied molecular orbitals ofthe phosphinonitrene 
wae (tha methyl group in place ofthe 2,6-isopropylpheny substituents) exhibiting P-N bonding. 
(D) Lewis structure fr Bout ith 2 phenyl group in place ofthe 26-disopropyipheny substituent), as 
‘suggested by the analysis ofthe bonding station. () Laplacian distribution Vp) of nitrene Baa it 
the cenval NNPN plane, showing the polarization ofthe P-N bonds toward the ritragen atom. 


salstitucns fr clarity), which complies withthe 
NBO and EDA-NOCV reas. The highes osc 
sd molecular obi HOMO) the n-plae 
Tone pir nial at N7, whereas the HOMO-L 
the polarized outof plane P-N? x obit, The 
HOMO-$ is min the P-N7 e-bondng obit. 
In general no :1conespondenc exists been 
the delocalized canonical molecule cris and 
the localized Lewis stuture, which is shows 
in Fig. 4D. The polarization ofthe P-N bonds 
toward the mitogen end becomes cel vibe 
from the Laplacian distribution Vg(e) af the 
sitrene inthe cental NINAPN7 plate OF Sa 
(Fig. 4 

The analogy betwen phosphinnivene 3 and 
smealloinenes A (Fig. 14) prompt usw ite 
‘vestigate the possibilty of using as aitrogen 
toons agent. The formtioa oF NC bonds 
by two-electron trogen atom transfer from 
etl nitrida complexes t 8 varity of orn 
Subssates hasbeen reported (36-1, but apart 
from two exceptions (39,40), the fanetional- 
ined subsrates remain bound t the metal, As 
proof of concep, we added isopropyl oni 
fo nirene 3st rom temperate and obtained 
cavbodiimide4in 81% yield according to" 
NMR) Fig. 2). To achieve a synthe eyele, a 
eiffel tak in the case of metal complexes A 
(Fig. 1A) (9), we weated carbo d with 
Inoprops tfloromethanesalfnate (P2OTF) 
We recovered phospheniam salt 1 (T1O™ as 
countennion) in 86% ye and» mite of 
ana § and cab 6 in 42 and 8% 
‘els, espectively (Fig. 2) 

“More than two decades arth discovery 
fof sable cabene—nanels a pspinscabene 
(41, 42)-—this work sows that nitenes can be 
Folated as well. Phosphinonitenes fsture 


PN multiple bond and are the monomers corre 
sponding to the polyphosphazenes, a well4nown, 
family of polymers (43,44). The complete nto 
sg alom trnsér from the phospbinonitene is 
‘nother demonstration that matin-group com- 
pounds, and especially electrn-leicient species, 
‘an mimic the chemical hehavior of transition 
metals (6, 45-48), 
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A Fully Size-Resolved Perspective on 
the Crystallization of Water Clusters 


Christoph C. Pradzynski,* Richard IM. Forc,* Thomas Zeuch,™* Petr Slaviéek? Udo Buck?» 


The number of water molecules needed to form the smallest ie crystals has proven challenging to 
pinpoint experimentally. This information would help to better understand the hydrogen-bonding 
Interactions that account forthe macroscopic properties of water Here, we repart infrared (IR) 
spectra of precisely sze-selected (H,0), clusters, with n ranging ftom 85 to 475; sodium doping 
and associated IR excitation-~modulated photoionization spectroscopy allowed the study of this 
previously intractable size domain. Spectral features indicating the onset of crystalization are 


fist observed for = 275 + 25; for a 
3200 cm" dominates the OH-stretching cegion, 


175 + 25, the well-known band of crystalline ice around 


The applied method has the potential to push 


‘sne-esolved IR spectroscopy of neural clusters mare broadly to the 100- te 1000-molecule range, 
in which many solvents start to manifest condensed phase properties. 
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Sieestamneun on cae alm 
oretically ((5, 6) and references therein]. In con 
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tm, the size range fom 1 = 10010 1000, in 
‘which the crystallization of water is assumed 
to begin, has beon inaccessible to precisely size 
selective techniques, 

Deflection of chsters in & catering exper 
Jment with an slomic beam can finely resolve 
sine by specifying the angle and the velocity ar 
the collision (7). Vibrational predisociation is 
then applied to obiin the infrared (IR) spectrum, 
ofthe siz-slected cluster However, thi meth- 
tt has only proven applicable to sizes up 1. 
12.65, 8, 9), Similar resus inthis size ange 
hve been oblained by other methods that ae 
based on rational resolution (10), argon tain 
Ud, or the addition of aromatic molecules and 
their detection trough ultraviolet (UV) excita 
tion (12-14) The later method has also been 
applied to water cluster sizes up to m ~ 50 by 
adding phenol (15, 16), but the interpretation of 
the results can be hampered by fragmentation in 
the detection process, 

This elect can be avoided by using a sodium 
(Na) atom as dopant onthe cluster Because ois 


REPOR 


low ionization potential (17, 18), easily available, 
tunable UV lasers can eject ina one-photon ab= 
sorption process photoelectrons from the core 
sponding clusters close tothe threshold without 
inducing fngmeniation, Buck and eo-workers 
fist applied this method to prcisely determine 
cluster sizes for ammonia, water, and argon (Ar) 
‘upto n= 10,000, The measured size distributions 
follow for large clusters a rather broad log-nonmal 
slstbution. Using this method, the evapration— 
‘atsed by clecron bombardment ionization —was 
revealed (/9, 20) IR spectra for cluster distribu 
tos of average sizes up to (n) = 1000 were mea 
sured with fragment detection, which exbibits, in 
‘ation tothe present size distribution, a special 
sensitivity to the surface (6, 21) 

"These limitations do aot apply toa type of 
IR spectroscopy that uses the Na doping meth- 
fod introduced by Steinbach and Buck (22). IR 
inadiation of the clusters before photoioniza- 
tion enhances their photoionization probability 
‘when the UV wavelength stand to energies be- 
low the threshold The resin sgl enkncerent 
‘pon IR excitation enabled filly size-resalved 
IR spectral measurements for Na(H,O), clusters 
vp to n= 60 (22, 23), Recent stulies suede 
in giving the important hints for unraveling the 
ction eect that is exploited foe generating IR 
specta by using this technique (24, 25) AS we 
show here, this fumed oat tobe the Key for devel 
‘oping an infaredexitstion single-photon onica 
tion technique that augments the size-electvity 
far beyond n= 100 and that is for lage claser 
sizes undisturbed by effects ofthe Na ator, This 
allows us forth fs ime to measure filly size 
resolved IR spout and to iden the onset of 
‘water crystallization on the basis ote diffrent 
eas inthe IR spectrum The pil stability 
‘of this criterion is the considerable shift between 
the absorption maim. Only erste water has 
a lower Iving absorption maximum in the OH. 


Sec eon round 3200 em" fr amorphous 


*s-OFo= [=| 


Fig. 1. Photoionization scheme, origin of action effect and right comparison 
‘of TR specta of Na doped with phenol doped (H2O)ay clusters. The bottom 
trace coresponds tothe phenolnater cluster [reprinted with permission from 
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“The tect of xcaton on ctuntare 
‘nt stair soda 


(2), copyright (2012) American Chemica Socety; the top trace shows the 
‘pecrum measured inthis work. Expansion conditions are 25% water in He at 
1L7-bar stagnation pressure and photoionization at 400 nm. 
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ice an lig water, the mana absorption i 
sound 3400 crm Thos, the tno hese 
morpbous an rysalinc ice should be reveled 
by the gradual abt to the lower lying pele 
exponen wth precisely uesclected cher, 
as explained in dual by Buchel (6) 

Electron ditacion measurements for woler 
clases give crystalline sits of cable ie 
forthe avenge chaser size (n) ~ S000 (26,27). 
Avtansmisson elton microscopy experiment 
calibs cystine soucures for even larger 
luster inthe range of) = 0 = 10° 43 = 
10" In the experiment of Tach tal he 
onset ofthe ently is estimated to occur 
Somerhere baecn n= 200 and 1000 (20) A 
hore procke determination could not be given 
Foote the exact information on the chaste ie 
‘was not avilable 

In this work, IR spect in the OH ttching 
region (2800 to 3800 em) wore measured by 
ting the IR-mdalied photoionization scheme 
depicted in Fig. 1. Mechanistic aspects of the 
approach ae claberae blowin deta Fast the 
hts are frm a supersonic xpi (353 
to 403 K water tempore soe with He at 
17-to hur sagnaton pressure) skimmed and 
then doped wih single Na ator in he pickup 
cell The esience ime of he cht in he pick 
‘op woe i 20 js Aer 240 (pending 00 
the Rear velocity wich ypiely~1500 mfr 
Hescedel expansoas of wits) the Nebearing 
‘water listers eh the zone for interaction wi 
TR and UV-visible radiation. The excitation of 
the chasers with IR pons inden sgn x 
hancement tothe UV photoionization when the 
LUV pulse i delayed 80 10300 ns, depending 
con the focal parameters of the ho laser beams 
(02,24, 25), Fuhr deals are ven in (19.24) 
sal the supplematry mat 

In to ent som all Nacop mets 
anol (n= 4,8) and water (n= 3) laser, we 


have elaborated the ation elfst lang to sig 
ral enhancement. At expansion conditions fivor- 
ing the production of cold clusters, the observed. 
IR spect were dominated by features of chs 
ters with an exterior Na atom (24, 25), which 
means that the hydrogen-bonding network of 
the intially produced pure-solvent chistes is not 
changed upon Na attachment, The water timer 
‘with tenor Na was kinetically stabilized during 
the Na pick-up proces, In the case of cationic 
lithiu-watr chasers, the tapping of high-energy” 
Isomers was recently also reporied (28). How- 
fever, atthe applied low-photon energies in our 
experiment, only clusters that have a partly solv 
ated Na atom and a hydrated electron exhibit 
Jnization potentials (IPs) low enough for photo 
‘ionization. For signal satuntion, the ionizing 
photon energies had to be increased by 0.5 t0 
08 eV, indicating that the most abundant clus 
ters have defintely higher IPs Ths, the IR spec 
tra shoved hat he IR photon energy ie deposited 
in clusters witha nonionized Na atom situated 
in an exterior poston, wheres the phooionia- 
tion spect stony suggest that only chistes 
with an interioe, arly solvated Na stom wee 
Dotoionzed. On the bass of the combined evi- 
‘dence frm IR snd photoionization spectra, we 
concluded that IR excitation induces & configu 
ration change ffom isomers wilh an exterior Na 
stom to isomers with an interior Na fom. The 
configuration with an exterior Na, exhibiting a 


define the appearance IP which is the ionizing 
photon energy where the first ion signals are 
serve) A low photoionization energies, only 
clusters featuring interior Na atoms and solvated 
clectrons are visible. These chasers contabute #0 
the backuround signal. Upon IR excitation 80 ns 
before photoionization, casters with extetiar Na 


Fig. 2. Evolution of see 


f 10 


and high IP become visible though a configu 
ration change of the heated cluster wo a structure 
with lower IP (Fig. 1), This effzet induces the 
exploited signal increase and is most probably 
enhanced by the higher absorption cross section 
of clusters featuring delocalized solvated electrons 
‘The mechanism i in agreement with molecular 
dynamics simulation in which we could demon 
Sime that a rise in chstr temperature—as the 
cetfec of IR excitation — rama inereases the 
‘hotionization probability atthe lw-cnengy end 
‘ofthe photoionization spectrums (24). 

Inthe present work, the Na atom is added 
to lange water clusters, We showed in a recent 
study on the photsioniation ofthis systema that 
(@) the IPs of lage Na-doped water clusters are 
size-independent between n = 15 to 450 and that 
(i) at photoionization energies of 3.1 1032 eV, 
‘only clsters that eure pry solvated Na atoms 
land the comesponding hydrate electrons are pho- 
toionized (29), on signal saturation is observed 
around 4 eV, and musing the ionizing, photon 
‘energies fm 3.3 ta 4 V increase the on yields 
Jy more than a factor of 6. This comesponds 10 
the sharp rie of ion yields above 33 eV ionizing 
‘photon energy depicted in Fig. 1, bottom, Clus- 
ters with an extenor,nonionized’ Na atom have 
IDs inthe rnge of 3.5 10 4 eV, which is 0.7 10 
12 eV above the appearance IP. This result 
‘was previously supported by theoretical investi- 
‘gtions on Nivwater and Na-methanol elses 
(24, 25, 30) and is verified through exemplary 
‘aleulations for lager Ne-doped water casters 
the present work. These observations point 3 
high abundance of cluster with exsrog, no 


ifatad 
‘Buch 


selected (HO), IR spec 


| os 


tra from n = 85 10 475. 
10 cluster sas were av. 
raged for n = 85 and 


f os 
04 


95, 25 cluster sizes were 
averaged for n = 113 and 


omatized iteny 


137, and 50 cluster ses 
were averaged for n 
175 10475, which leads 
to signieant noise reduc 
tion text and suplemen- 
tary material). Expansion 
conditions are 40% ae 
ter in Heat @9 + 0.)~ 
bar stagnation presure 
and photoionization at 
390 am, 
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Fig. 3. Comparison of calculated It spectra (6 for 
‘n= 48 and 123, with measurements at = 48 
aod 13 2 
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ionized Na atoms atthe cluster surface, which 
isa similar sation othe ease discussed above: 
‘Clusters with IPs well above the appearance IP 
dominate the molecular beam composition: at 
ionizing photon encrpes of 3.1 to 32 eV, only 
Clusters with at lest partly solvated Na atom 
and rather low IPs are photionized. Ifthe IR 
‘excitation induced signal inreate is eased by 
‘ configuntion change fom strctares with ex: 
terior t interior Na, the IR spectra should not 
bbe “contaminated” by features indicating Na 
solvation and solvated electron formation (2 
Insta, the IR action spectra will resemble those 
csi by photoionization of nonreactive chr 
rophore molecules such as phenol, This i in- 
deed the ease, asi shown in ig. Light in whic 
‘weeny published IR specta for pheoH{H:O).s 
are compared with Na(H;O) (6). Taking into 
account the seater ofthe experimental data, the 
spectra are equivalent. The phenol HO) spec- 
tum ws mcasird with phoadissociation spec 
troscpy, demons the gest progress achieved 
swith this ecg by Fuji and co-workers, ln the 
Nacwater case, comping processes such as phto- 
sociation ar largely suppressed for expansions 
‘generating cold clusters [discussion in (24). [a 
tum, ineflcent photodisociation is probably 3 
limitation of depletion techniques shen applied 
to lage cluster in molecular bear experimen 
“The production of large clusters lea in general 
to low-cluster temperatures, and large, cold elus- 
ter less efficiently dissociate upon IR excitation. 
‘We will now briefly focus onthe mechanism 
of the action effet for lange casters, Important 
‘aspects are the activation baries involved and 
the temperature jump induced by IR excitation. 
(Our previous work on singly doped Na-vater 
clusters (29) suguested thatthe hye electrons 
‘observed in cliser studies are the key interme 
lates that are formed in the initial step ofthe 
Na-water ie surface reaction (2,31, 32). The 
‘mechanism propose in our work is quite gon 
‘eal and was in subsequent work used ote 
solvted clcimn reactions at the vacuumeliguid 
interface (33) The Na ionization isthe fst step 
‘na complex ection scheme, Frthe oes ty 
the charge transl to water molecule—Fero 


n= 600 


wavenumber! em 


Fig 4. Comparton of lated (6) spacrum 


and Allouche reported bari of ~30 klimol 
G4, The tapping of hydrated electrons onthe 
time seale of chwer experiments (23) together 
with the observation by Kim etal that all Na 
soms are consumed afer 3» a 98 K (32) indie 
cates thatthe barrier forthe nit configuration 
change ftom a surfce wo par ionize Naat 
similar but rather belo thit of the electron 
transfer step—probably in the range of 15 to 
25 Klimol, The barr forthe evaporation of & 
‘water molecule, which i a competing reaction 
path is higher For ice surfaces it is ~80 Klimol 
G5). This asessment of hari is consistent 
withthe proposed IR action effect: the enhanced 
formation of clasters with weakly bound by 
dete electrons upon IR excitation. 

‘The cluster temperature in our experiment 
snd the induced temperature jump ean be eti- 
‘ted from thermodynamic data reported by von 
Issendot and co-worker for anionic wate eas 
ters (36). The meting point fr anion (HO), 
ther is ~120 K. Beease we observe solid elas 
ters, this value gives an upper limit for cluster 
temperature in eur experiment the acl cluster 
temperatures are probably in the range of 90 
tw 115 K. Using & heat capacity of 025 meV/K. 
molecule gives for n= 80 8 temperature jump of 

32K when an IR photon of 4 eV (3250 ex") 

in absorbed. Foe ~ S00, the inrease i ~3 Kit 
js higher wien more IR photons are absorbed 
(ich is likely for lage elute). Temperature 
jumps inthis order of magnitude shouldbe large 
‘gh to aceserat the sure rection. Regard 
ing the jnizao ofthe Na toa an ule 
Uli somerization reaction, the highly noalinear 
reaction dyarics near the threshold of react 
‘iy can dasically accelerate the reaction rate a 
‘moderately increase temperatures [or exam 
ple, unimolecular decay rates of activated Na~ 
scetic aid clusters in colision complexes (37) 
By changing the expansion and Na pick-up con 
ditions as well asthe ionzing photon enenies, 
in cluster experiments the experimental focus 
also can he dst to diferent aspects ofthe Na- 
‘water rection Imerestng issues i this context. 
ae the tapping of chasers dat feature solvated 
leer at lower cher temperatures (22,23). At 
higher pick-up eel temperatures, sth of reae- 
tion prods are posuble that provide comple 
mentary information to iee-surfacestaies with 
regard tothe spectroscopic sensitivities 3s wells 
chemical and physical ime scale (29,3, 32,38) 

nthe second part of this paper, the six 
resolved info speta are dscused The evo 
Jon of OH site spect with che size for 
the range 1 ~ 85 19475 is shown in Fig. 2 To 
increase signal intensities, the clusters ae av 
raged over 10 t $0 cluster sizes, depending on 
the absohe chs size (supplementary mata). 
‘Whereas the smaller chistes are dominated by 
peaks around 3400 em, the main peak moves 
sn the dietion of 3200 cm forthe lager ons, 
‘The tansition occurs around m ~ 275 and is al- 
ready complet at n ~ 475. What we se in Fig, 
2'is 8 ypical tansiton from the slid amor- 


REPO! 


ous behavior 6 enataline srcture ofthe 
‘Sher Such chanclrisies were acy pre 
“ce by the pioneering calculations of Buch, 
‘which were based on an anharmonic oscltor 
‘noel snd the intermoleclar coupling berween 
the water molecules (6. Suis features as pre= 
de by Boch and observe in colsonal coal 
ing cell experiments are also pesca. 

‘The comparison of individal cluster sizes 
‘with cleus spec shown for = 48 and 
123 in Fig. 3. The general ends inludng the 
shit ofthe maximal intensity 1 sale waver 
fmumbes, aw nicely rewoduced. The fates 
‘cud 3000 and 3500 om” are ted back 0 
ndersondnuiad sari molecules of dangling 
for danging-O characte, espetively. The later 
fears appear inthe measiremcn with high 
intensity. wich may be related the higher I 
photon ener. As ils in fig SI, the gen 
fal shape of OtLsich speci of il amas 
‘hase foe ss sound 9 = 225 i smal 10 
tose of etionie Nr (H,0), laters for n= 250, 
(39), This observation cons the conclusion 
‘of O'Brien and Wiliams that monovalent ns 
Such a Na do at afet the hydrogen honing 
network of the majority of wer molecules ia 
larg casters 

Fo the comparion ofthe cytaline claster 

= 478, we have chose the lowest called 
size = 60 ofthis type in Fig. The typical 
Ioshavioe with the pk around 3200 rm" is 
resent in both spectra and repent the fou 
Coord estan ruta The shoul 
53280 em hich i also observed i the met 
surement, aeorling the elelation an a= 
lemon of foureoortinaed molecules, wih & 
tlstoned tetrahedral stractre. The shoulders 
St 3400 t0 3800 cm” are ications of thee 
‘coordinated water molecls, signing tht the 
Sarface of these cies sil amorphous, The 
‘comparison tween the simulated spectra for 
n= 60 andthe experimental specu foe = 
475 228 indicates tat the eystalization sin 
a slr listers 

“The gener conssncyofexpernent and cae 
culstins alls us to seth predic stactres 
‘of Buch (6) 10 give he flowing size-eolved 
ctr of water erystalizaion in casters The 
fw xsl soc isin the cn ofthe hse 
terand consists of ng of six hydrogen 
‘wtersoleculs taeda enfants 
Oescilators hsobing round 3200 Tis 
motif is prsent for n =275, Furr ston of 
‘water melecules lads oa gral grow of the 
ceysline cor insie the cluster a = 475 the 
Spectral features of osilstors in the ental 
onigurion dominate the sperm, but sue 
face ad subsurface featres ar stil preset. The 
sgrementf the calulsicns of Bac with he a= 
Selective IR spectra bas an important implction 
for ayer lasts tat were inal forthe ap- 
li theoretical method (6), Beease he Fares 
Shserved a the specu for n= 475 are also 
found inthe OH ste spectra of mich large 
caster ((n)~ 1000 100,00} i suppacs the 
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proposed existence of subsurface in water nano 
crystals (6. Torhet eta. gave a comet estimate 
forthe transition between amorphous and enya 
line behavior (somewhere between = 200 and 
1000) based on the electron diffraction exper- 
sent (26) 

"The determination ofthe size range in which 
the cried nuclei of erystal water are formed i 
‘rucial information for resolving the erystaliza- 
tion mechanism of water, The onset of erystal 
linity defines a mechanistic branching point and 
ales barrier heights contlling water agere- 
tation and hence measurable nucleation res, 
visible morphologies, and macroscopic proper- 
ties (40) In the fare it will be interesting to 
systematically study to what extent the erytalli- 
2ation proces isa function of temperature, which 
‘an he inflanced hy the expansion cantons. 
“The experimental technique presented here opens 
the door to systematic sali inthis dinetion 
Furthermore, the size-seleted IR spect in the 
(Olstretching region will vide benchmarks 
far theory to determine the predominate csr 
simacturs inthe size range of n= 50 t0 500, This 
information wil lp to tefine water interaction 
Potentials that are used for predicting macro- 
scopic propetcs of water (40). More broadly, 
the method should be applicable to alcobols (24) 
and many other protic solvents, as well as otber 
‘dopants (such as potassium and cesium). 
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Structural Basis for Microtubule 
Binding and Release by Dynein 


‘Wiliam B. Redwine,"#* Rogelio Hernénder-Lépex, Siri Zou julie Huang? 


Samara L.Reck-Peterson,? Andres E. Leschines" 


Ytoplasmic dynein isa microtubule-based motor required for intracellular wansport and cel 
division, Its movement invales coupling cycles of track binding and release with cycles of 
force-generating nucleotide hydrolysis. How ths is accomplished glen the ~25 nanometers 
separating dynein’s track- and nucleotde-binding sites is not understood. Here, we present a 
subnanometer-reslutio structure of dynein's microtubule-binding domain bound to microtubules 
bby ayo-electon microscopy that was used to generate a pseudo~atomic model of the complex 
with molecular dynamics. We identified large rearrangements triggered by track binding and 
specific interactions, confirmed by mutagenesis and single-molecule matiity assays, which tune 


<dynen's affinity for microtubules. Our results provide a molecular madel for how dynein's 
binding to microtubules i communicated tothe rest of the motor. 
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(MTs) (1). The supertiumily includes axonemal 
dynes, which power the movements of ela, 
tnd those that transport cargo, which include 
cytoplasmic dyneins 1 ("eyoplasmic") and 2 
(Cinaflagellar) (2). The transport of nganeles, 
iboncleoprotein complexes, and proteins 

cytoplasmic dynein is required for celular bo- 
cota, cell-cell communication, cell ivsion, 
and cell migration (3), and defects in these pro- 
cess result in neurological disease in humans 


(2), Desite cytoplasmic dyncin's role in such di- 
‘ers actvitis and recent advances in characer- 
izing is structure and motility, many aspects ofits 
‘molecular mechanism remain poorly understood. 

‘The core of the eytoplasinic dynein holo 
enzyme is a homodimer of ~S00-kD motor- 
contining subunits (Fig. 1A), The major finctinal 
clement include j) “til domain required for 
simerizaton and carg bowing (5; (i) the force- 
‘generating “head” or “motor domain” (6, 7), 3 
‘ing containing six AAA adenosine tiphosph- 
tase (ATPase) domains (8-10}; (ii) a “linker” 
‘connecting the head and tal, rquired for motility 
(6, 7,1, 12) the “stlk"—a log, antiparallel 
coiled-coil that emerges from AAAS (13, 14), 
and (v) the MT-binding domain (MTBD),a small, 
‘helical domain at de end of the stalk espon- 
sible for binding the MT track (15-17), Unlike 
the other cytoskeletal molecular motors, kinesin 
and myosin, dyncin does not have its ATPase and 
polymer track binding sites located within asi 
‘le domain. With 25 nm separating AALL the 
_main site of ATP hydrolysis, and the MTB, an 
‘unresolved question is how dynein coordinates 
the eyees of nocleoidehydolss and MT bind- 
ing and release ruin fr is motion, 

‘The mechanism coupling nucleotide hycoly= 
sisto MTaffnty hasbeen suggested to be sliding 
in which the two helices inthe stalk’ coiled-coil 
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adopt diferent registries by using sltemtive sets 
‘of hydrophobic heptad repeats (17-19) Dynein’s 
stall can he fted in a spiic rity by fusing 
itto.acviled-col of known siractre, such as that, 
of ery tRNA synthetase (SRS) (18). Changing 


high-affinity ("a") and low-afinty (B+) reis- 
tres and alters the ality ofthe MTBD foe MTs 
by upto a factor of 20 (Fig 1B) (18). Engineered 
disulfide eross-inking inthe monomeric dynein 
‘mot domain showed that is tall explores mal 
‘ple registries in soliton and hat a given eisry 
is coupled to a specific MT affinity (19). Fxing 
the stalk registy also uncoupled the nucleotide 
state ofthe hea from MT affinity (19), 
Understanding the molecular mechanism by 
‘which stale sling i coupled to miclotide hy- 
rolyss and MT affinity would be aided by 3 
srmcture of dyncins MTBD hound to MTs. Crys- 
tulsructurss ar avalable fora low-alfinty dynein 
MIBD fased to SRS through a short segment 
of the stalk (Fig. 1B) (17), and an adenosine 


A B Construct Structure 


diphosphate (ADP)-bound, presumably high- 
affinity dynein monomer (22), Only low-resolution 
strvctres of the MT-bound frm have been r= 
ported (17, 21) Here we describe aeryo-eletron 
nsroscop (2n0-EM) recanstution ofthe MTD 
bound to MTs at subnanometer resolution, wing 
a high-affinity version af the SRS-MTED eon- 
struct (18) 

‘We collected images of MTs highly decorated 
ith the SRS-MTBD under eryogenic conditions 
(Fig. 1C and fg. SUA) and adapted an image 
processing method (22.24) to solve is structure 
bound to 14-protoilament MTs, The SRS-MTED 
binds to o-ublin and tubulin at the intakes 
interoce and is positioned t the side of the so 
filament, as previously reported (17,21) (Fig, 1D, 
fig. $1B, and movie $1) In the reconstruction, 
the portion ncading the MT, the MITBD, and the 
beginning ofthe stalk has u resolution of 8.7 A 
(Gig. SID), where helices become visible 

‘We used molecular dynamics (MD) and our 
ceryo-EM reconstructin io obiainpscudo-atomic 
rodels of the ow and high-affinity sates of 


Micragraph 


fe of. i Ee 


Class Average 


Fig. 2. Ceyo-EM reconstruction of the cytoplasmic dynein highvafinity MTBD bound to a MT. (A) 


Schematic of dimeric plac dynei. Major features elvan t this study are nated The MTBD 
depicted in is lon (Ught ble) and igh- dark Blu) aft states ding a step alng the MT. (@) 
Schematic ofthe sion consis beeen the MTD and sry RNA syatetase (SS) hat ithe heptad 
‘egy ofthe sta The lowafiniy construct hasan atonal four aio acids low inserted in CCL 
{Glad relative tothe high-affintyconsbuc. (© Crye-EM image of Ms highly decorated withthe 
bighvafinty SRS-MTED construct (top) and a cass average generate frm segments of decorated 
“Vrproefament MTs Goto. Scale bas: 0 rm Gop) and 25m titan). D)Tvee dimensional 
recnsrcion ofthe MED compl fred othe calculated resolution of 9.7 Aig. SD. The lack 
Saline represents ase trough the volume hich sshown on the ight viewed rom the minus end of 
the ME The polarity sindated andthe dshed tine shows the locaton of the MT eam The SRS has 
been omited det its loner resolution (ig. 


the MTED bound to MTs. Fist, we rigi-hody 
docked the atomic-resolution structures ofthe 
‘ubulin dimer (24,25) andthe low-affinity MTBD 
into our map (Fig. 2, A and C: fig. S2A; and 
‘movies SI and S2) and used MD to esolvesteric 
clashes between a hex (HI) inthe MTBD and 
the MT (Fig. 2, A and C; fig. $2, A and B; and 
‘movies SI and $2). We then performed explcit- 
solvent mokwulr dynamics debe fii (MDFP) 
to shift the low=alfinity MTBD stractare tothe 
high-affinity conformation in our reconstruction 
(lig. S2C), In addition to the MD force field, 
MDFF uses  potntal-energy tem desived fom 
the expenmiental map and restraints on secondary 
structure o drive conformational changes hat bet 
ter fitthe map (26, 27). The ial MDFF model 
agreed well within the experimental density of 
the MTBD (fig. $2C}, however, the stalk re 
‘mined in the low-afinity B+ registry present in 
the stating model, MDF likely did not shift he 
registry of the coiled-coil due to the lower res- 
‘lution atthe tp of the stalk segment (fig. St) a 
‘movement of the CCI bel to the registry 
‘would make it prorade from the map, ncurin 
penalty in the simulations. We achieved the shift 
ry applying targeted molecular dynamics (TMD) 
(28) 1o the tp ofthe eoled-coi (fig, S2D), using 
the Ca coordinates of the hal-hepad shi in our 
‘construct to euie the final postion of the stale 
during the simulations. This final model (Fis 
B and D, and movie 83), which we refer 1 as 
‘the high-affinity MTBD, has the highest cross- 
correlation withthe experimental map (Bigs. $2 
and S3 and movies $4 and $3). 

We repeated the MDFF calculations, using 
the MTD fromthe recent crystal sricture of a3 
ADP-hound dynein monomer (20) (fig. $4). The 
only difference in the resuling pseudo-stomic 
‘model isin the stalk where the dynein mono 
mer’ structure is missing density for one of the 
Inlices next othe MTD (fg. $4, A and B). The 
similarity in the erystal structures of the MTBD 
inthe low-affinity and ADP hound states is likely 
die to the absence of MTs: our resuls suggest 
that the conformation we observe in our MT- 
hound high-affinity strctre is stabilized by its 
interactions with Bubuln (fg. SSA and tables 
SI and $2). MDFF of the ADP-hound dyncin 
‘monomer's MTBD into our eryo-EM map results 

ge changein the angle tween the MTED 
and the sal in the dynein monomer stuctre 
(fig $4, A and B)- This change makes the dock 
ing of the dynein monomer into our map com 
palble with previously reported measurements 
of the MTEstalk angle (17, 2/) and our two- 
‘dimensional analysis of imager of monomer 
decorated Ms (fig. $4, D and B) 

‘The exyo-EM map shows three pints of com 
tinoous density between the MT and dyncin’s 
MIBD: the HI-H2 loop and blices 3 and H6 
(Fig. 28), Several pars ofthe stuctare are un- 
‘change by ts intersction withthe MT, expecially 
Inlices H6, HS, and CC2, with root mean square 
deviations (RMSDs) between those ofthe low- 
and high-affinity models of 14, 14, and 1.8 A, 
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respectively. The largest changes ae the repos 
tioning of HL (RMSD = 10.1 A) and an opening 
‘of CCI in the coiled-coil next to the MTBD. 
(MSD = 8.1.A) (Fig. 2, Ato D, and movies SI, 
$2, $3, and $6), a movement anchored atthe 
proline kink present in CC1, The final position 
‘fH! isstabilized by multiple interactions with 
fan acidic patel in 112 of fHtubulin not fully 
‘occupied in the low-affinity state (fig. SSA), 
‘This patch alo stabilizes the higheality state 
of kinesin (20) 

‘We monitor hydrogen bons nd salt bridges 
formed hetwsen the MUBD and the MT during 
MD simulations (ables $1 and $2): the high- 
ality MTD formed more hyrgen bonds with 
the MT (fg. $6) and electrostatic interactions at 
HLL, HB, and H6 (fig. $5 and table $1), Nearly all 
ofthese residues are highly conserved, and mu 
tating them results in defects in MT binding 
(18,30) (fg. $5). The importance of salt bidges 
to the MTBD-MP interaction ie consistent with 
the sensitivity of dynein motiity to oni strength 
(ig SD, 

‘Our structural analysis suggested that the 
MIBD contsins resid that lower its own a 
finity forthe MT. In the MD simolations, basic 
residues in Hand H6 firmed salt brides that 
alerted between intramolecular and inisemo= 
lecular partner. In the MT-boundhigh-ffisity 
‘conformation, HI-K3298 switched between aghs- 
‘mate on f-ubulin and conserved ghtamste in 
(CCI (E3289) (Fig, 3A ad fg, SBA); neither con 
tact can be formed by HI-K3298 in the low- 
allnity conformation (Fig. SSA). H6-R3382 
‘svitched from an intramlecelar interaction with 
a conserved glutamate inthe same helix (H6- 
3378) inthe low-affinity unbound state to an 
intermolecult interaction with @chister of phe 
tomates on c-tabulin upon binding (Fig. 3B and 
fig. S88); the intramolecular interaction might 
‘weaken the MTED-MT interaction in ho the 
lowy= and high-ffnty conformations. The im- 
portance ofthe ta MTBD phtamates involved 
in the intramolecular sak bridges had previously 
heen ecognized:substition of CC1-E3289 and 
HG-E337S with alanine increased dyncin’s MT- 
binding afnity (/8, 3) and reduced its ATP- 
timated release from MTs, respectively (30) 
‘We hypothesized that these phenotypes resulted 
fiom the competition between MT and MTBD 
residues in CCI and Ho for sal-bridge forma- 
tion withthe basic resides K3298 and R3382in 
the MTD. 

‘To test this prediction, we mutated the res 
ides equivalent to £3289 and E337 in CCl and 
Hi of Saccharomyces cerevisiae dynein to eiher 
an sosterie but neutral (Q) ora base amino acid 
(K) to disrupt the salt bridge (Q) or introduce an 
intramolecular charge repulsion (K) that may 
favor intermolecular interactions between HI- 

2 and acc residues om the 
Je-molecule motility assays that 
monitored the movement of purified mutant 
dyncins showed significant increases in dyncin's 
rin Jeng and small decreases in velocity that 
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panicled the severity ofthe mutation (E+ Q—+ 
4K) (Fig 4, A and B, and fg. $9). Mest notably, 
the basic substitutions CCI-E3289K and H6- 
TER378K increased dyneln's rum lengths by five 
fold and sixfold, respectively (Fig. 4B), and the 
double mtn incressed the ran length even far- 
ther (fig. $10). These resulis suggest that cyto 
plasmic dynein ha been selected for submaximal 
processivty. The eects observed with the mu 
tants are not due to a strengthened intention 
with the unsructured C-terminal tails of tabula 
(E-books). Although thei removal decreased the 
rum length of all consrucs teste in agreement 
With previous studies (3), the mend of increasing 
procesrivty (wildtype —» E32H9K —- E3378K) 
remind (ig $1), 


A 
MTBD 


c 


aa 


tubulin ‘tubulin 


‘astubuls 


coe 


‘These findings provide a molecular mode for 
‘how dynein couples its affinity for MTs with the 
‘nucleotide state ofthe motor domain (Fig. 4, C 
to E, and movie S6). We deserbe the transition 
fiom low to high aint, bat susgestthat the r= 
posed chinges are eversile. During a dffasive 
search for its next binding site (Fig. 4C), an 
‘unbound MTD isin the low-alfnty conforma 
tion wit its stalk inthe 6+ registry, HI oriented 
perpendicular tothe MT sis and intramolecular 
‘il bridges at key M-binding residues. Com 
Sistnt with this a lear magnetic resonance 
study found that an unconstrained, minimal 
MID in solution exists in the 6 registry and 
slsplays low afinty for MTs (32) Upon binding 
(ig. 4D), transtion to a high-affinity conform 


‘tubulin 


eco 


Fig. 2. The higtvafirity, MI-bound state ofthe dynein INTRO is characterized by repositioning of helices 
HL and CCA. (A) Rigid-body docking of the lorafinty MTBD structure inta eur cryo-EM density, (8) 
Pseudo-atomic model of the highafinty MMTBD bound to ATs generated by MOFF and TMD (see text for 
etal). (©) Enlargement ofthe structure shown in (A), with Is orientation indicated in (A). (B) En- 
largement ofthe structure shown in (8), wth ts orentation indicated in (8). The ayo-EM map is shown as 
a transparent gray mesh. The MNTBD is clored according to the scheme shown atthe bottom ofthe igure, 
Sand structural elements are indicated in the diferent views. HL (oangelred) ic the element with the 
largest movement inthe transition tothe high-affinity conformation; H3 and H6 (dark blue) are major 
cost points with the MT green). c- and fr-tubutn are indicated (green). ANT polarity i indicated in (A) 
and 8) 1 protrudes from the cyo-EM map and clashes withthe MT nthe iid-body docked low-affinity 


State (A and ©. 
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Fig. 3. Behavior of dynamic salt bridges in the 
[MTBD as determined by MD. (A) K3298 in H1 ofthe 
-MTBD strates beeen an intermolecular st ridge 
wih £820 on frtubatin QATBD-AM) and an itr 
lecular salt bridge with £3289 on CCL af the TBD 
(nar NTBO). (8) R3382in HS of the MTBD alternates 
‘teen an intermolecular salt bridge with E418 and 
£420 on e-tubutn (TBD) and an intamolecular 
‘alt bridge with £3378 in H6 (nta-ATBD). Single- 
leer amino ai code and number are inated fo 
Bos taurus tubulin ad Mus muscu etoplasmie 
dynein Glu K, Lys R Ara). Time stamps for frames 
from ND simulations are indicated, “Intermediate” 
refers toa postion midvay between MTBD-AT ant 
ina AMBD salt ridges. 


Fig. 4. Dynamic salt briges reduce dynein moti 
Bar graphs of (A) mean velocities and (8) charactr- 
‘sic run lengths of fluorescent labeled. ceevsige 
4ynein bearing the equivalent of the indicated 
‘AL musculus mutations moving on MTS. Error bars: 
0 (A) and SE (8). Velocity and run length ditfer- 
fences between wl type (WT) and Q (Gln) mutants, 
as well as between Q and K (Lys) mutations atthe 
Same postion, aestatiically significant (test, P< 
0.01 for velocity, and two-tailed Kolmogorov 
Smimov test, P< 0.01 fo run length). The data fo 
the double mutant (--K at both CCA and H6) was 
omitted because run lengths could only be dete 
‘mined under more stringent motity conditions (i 
$10) (C to E) Molecular model forthe cordina- 
tion of nucleotide state and MT binding by dynein 
(see text for detail). (C) Unbound dynein in the 
{owaffinty conformation; Hi colored orange. (0) 
Initia interaction with anew binding sit. () Repo 
Sitioning of H (naw in red) leads tothe formation 
Gf new ionic interactions with B-tubulin (green cy- 
inde) that stabilize the higraffinty state ofthe 
[MTBD. The repositioning of Hi accompanied by a 
‘movement in CCA; bath movements are indicated 
‘by solid lack arons. The conformational change in 
the AMD biases the regis ofthe colada toward 
the highafinty sate a change that can propagate 
to the motor domain (whitey aro. lnc inter 
actions are indicated with dashed ties, The ents 
‘ofthe helices in the MTBD are indicated bythe kay. 


0.00 ns 


a | or ~# |e 
Ew ye So] mne 
Bn ee 


Intermediate MTED-MT. 
cor Ht He Hse HS He oe 


Downloaded from www.sciencemag.org on September 21, 2012 


wwciencemag.or SCIENCE VOL 337 21 SEPTEMBER 2012 1535, 


1536 


tion involves lange displacement of HI, ste 
bilize by new salt bridges with Publi, and an 
‘opening of CCI atte base of the stall (Fig. 4) 
“The movements of Hand CCI likely constrain 
the registries that ean be explored by the stalk, 
biasing the distribution toward the high-afinity 
‘aregistry (Fig 4E), Propagation ofthis signal 
the head would elicit conformational changes 
that produce a movement of the linker domain 
and a displacement of dynein toward the MT 
minus end. 

‘Our analysis of dynamic salt brides reveals 
that eytoplasmic dynein has been selected for 
submaximal processviy. Whereas kinesin has 
diverifid is functional reper though gene 
duplication and divergence (33), cytoplasmic 
dynein is expressed from a single locus and 
‘may have evolved suboptimal processvity to i 
crease the dynamic range of its egulton. High 
procesivity could also be detrimental when mal- 
tiple dyneins and kinesins must balance their 
actions on a single cargo (34). Consistent with 
this idea, intralagllr dynein, responsible for 
Jong, unidirectional transport within ein 35,36), 
contain neutral or basi residues a the equiva 
lent of H6-E3378 (fg. $12), which would likely 
increase thir process 
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Specifying and Sustaining 
Pigmentation Patterns in Domestic 


and Wild Cats 


Christopher 8. Kaelin Xiao Xu,"** Lewis 2. Hong,? Victor A. David? Kelly A. McGowan? 
‘Anne Schimidt-Kintzel,** Melody E. Roelke,** Javier Pino,” Joan Pontius,” Gregory M. Cooper,* 
Hermogenes Manuel, William F. Swanson, Laurie Marker," Cindy K. Marper,” Ann van Dyk,** 
Bisong Yue, James C. Mullkin,* Wesley C. Warren,” Eduardo Eizirik,"™* Lidia Kos,” 
‘Stephen J. O'Brien,"F¢ Gregory 5. Barsh,"*} Marilyn Menotti-Raymond? 


Color markings among feid species display bth a remarkable diversity and a common underlying 
periodic. A similar range of patterns in domestic cats suggests a canverved mechanism whose 
‘appearance can be altered by selection. We identified the gene esponsble for tabby pattern variation 
in domestic cats as Transmembrane aminopeptidase Q (aqpep), which encodes a membrane-bound 
metalloprotease, Analyzing 31 other feid species, we identified Tagpep as the cus ofthe rare king 
‘cheetah phenotype, in which spots coalesce into blotches and stipes. Histologic, genomic expression, 
and transgenic mouse studies indicate that paracrine expresion of Endothelin} (Edn3) coordinates 
localized colar differences, We propose a two-stage mode in which Tagpep helps to establish aperiodic 
pre-patern during skin development that & later implemented by differential expression of Edna 


he molecular bass and evolutionary var- 
lation of periodic mammalian color pat- 


genetic crosses of mal organisms, Domestic cat 
(Felis cams) exhibit heritable variation of tabby 


tems haveboen dificult ta investigate fom markings mackerel versus blotched tht pro 


vide an opportunity fr such genetic analysis () 
Tabby markings area composite of to featur 
(i) light background component in which in- 
clividual hairs have extensive light bands, and (i) 
‘superimposed darker component in which airs 
have litle or no banding. In mackerel cats, the 
ddark component is organized into narrow vertical 
stripes witha constant and regular spacing, where 
as in blotched cats, the dark component is ex- 
pnd into ess ongunized structure with wide 
‘whorls (Fig 1A), Pennie eolor pattems in other 
feds may represent he same process, for exam 
pl, dark tabby markings in domestic cats may be 
homologous to blac stipes o spots in tigers or 
chhetahs, respectively (2) 

‘A logical explanation forty patering in- 
volves the Agout-amclanocotn receptor syste, 
in which Agouti protein, a paracrine signaling 
‘molectle released from dermal papilla, acts 8 
‘overlying hae fllicle melanocytes to iit the 
‘melanocorin | receptor (Mel causing a switch 
ffom the production of lack/brown cumin 9 
sed yellow pheomclain 2,4) Accoring to this 
hypothesis, dark tabby stripes ae areas in which 
“Agouti signaling is suppressed or surmounted 
luring hair growth and regeneration, However, 
Jknown components of the Agout-melanocortin 
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pthvay do ot act he bape of tbby patems 
2.5.0) ose the difeence between mack 
rel and blotched scooby single locus, 
Tabby (Ti), whose geno poston doesn 08. 
gest an obvious caste gene (7) bat wise 
fects could be manifest via diffecatial control 
of melanocontin signaling 

The 3X cat genome asrbly i not contig 
sous across the Tab inkage terval (7), but 
Comparison to homologous regions inthe dog 
fn human genomes suggests candidate ite 
{alof~S Min eng fig SI). Old Wold wid 
as, ram which domestic eats arse 10.00 yeas 
aga) esta mackerel ike pate. However, 
the blotched pater x common in many modem 
Tress, suggesting tht one or ew Ti eal 
varnts would ism a region of reduced allelic 
‘nation det cent selection. We used co 
Parative genomic ifrmaton to identify single 
‘urlete olsmorpisns (SNPS) nthe eae 
inva, ten soot and analy 16 chad 
(Tai ad 33 roncerl (Zio TT) 
male fom trl popu i orth Cale 
feria. Five SNPs rama S-Kh nkval on cir 
sbovwed signet auction (Prange 9 » 10° 
to = 10") (ig SIB) 

Tent our markers genolype in and wound 
the asocsted eyion in $8 blow and 19 
sickest incited hal lotched animals 
‘hare common hpltype extending fr 244 kh, 
‘wheres mackerel samples exe several hap 
loses within the sre intra (igs. SIC and 
$2) Coding sequences rom thee genes are k= 
cated win the 24440 intral Comm 0, 
{LOCH44100, and tind ene whose human 
nolo hasbeen refered 9 as both dninopep- 
fase QandLacrrn (9), No sequenesaleraions 
‘woe observed in LOC44I00 ot Comma bat 
rst Blau cab eid a nonsense muon, 


dag a Bacay ae Es 
SA ope tne Se Ue St 
{GL 9G0, US “aber of Goa Dey rr 
rl ay rR Fede, HORE 
Usk “Schaef Cane Balog 
Entangea ide, cla o Ue Scene ‘Suan 
Uy, sea 2064, Chi, chee Caenatan 
fing a Oe bt 188, Oper, ani "SA 
Tet dc srl troy anc ea 
ied WO 70, USA. Depart f Bolg 0 
fen Ht tn Uy Man 
“Cf Corsaton Resa dogo Wl, 
ica 0 € ancl ea, Sara ze, 
in realy ay ey 
iia tenon ang es Grae ea, Sot ca. 
"Congate Cams al Hen Gre Re 
ce ae, a ce eh ec, 
Zoo Uh “nae rn sgn Uy 
in So Usa de Becta 
Petia nce Cait doo ee oS a 
ogee nde ds 9-00, ra “ia 
‘ts ta, at 

“hae str contd equal a ew 

{Tou espns deo me hdd 
Mecaesed eal: glaghubnaphaag (058), 
igdoiggnalcon 108) 

‘sss: un Dtany Cat Gave 
itt Se Fes Sate Us SPs 


REI 


\WS4IX (Fig. 1B, fig $2. and thle 1), in exon 17 
ofthe thin! gene, We subsequeily identified two 
‘xonal variants in the same gene, SSOX. and 


D228N (Fig. 18 fg, $2, and tale SI). Tis pene is 
expressed in developing felidskin, and is ls of 
fiction causes loss of cok pate pesodty 


A 


Mackerel tabby (Ta*/Tat or TaY/Ta') [ Blotched (aka classic) tabby (Ta"/Ta®) 


B. Transmembrane Aminopeptidase 0 (Tagpep) 


(eroppedoe 30380) ening 48-435) 


vie fees, ‘sen heme 0 
Tetimatan allele: 59x (36) _Dazen wuss 


{oorbreed eas) 


Fig. 1. (A) llc variation at Tabby [mackerel (ot) is dominant to blotched (Te contol the ar 
rangerient of dark- and ight-olored areas. Diagrams indicate how the disibution of black or brown 
eumelanin versus yellow or pale pheomelanin within individual hats underlies the macroscapc color 
patterns, although in reality cat ais frequently exhibit multiple pheomelanic bands (B)Tagpep encodes 
type Il membrane proteln with aminopeptidase activity encoded by the ectodomain. Mutant allele 
frequencies are from a survey of119 feral and outbred cats (abl $2). The T239N allele isassocated (P= 
(0.0017, Fishers exact test with an atypical sired pattem but is incompletely penetrant (able S1 and 
fi, S21 


King cheetah 


ead 

aviv 

ae gk agcooosva EK WV Gomer * 
ISHS GGAANACAAAAAGCTEAATECCAGGATGRCAGCETGGCTACGGANAAACAEGT AN ed 


™ 


ww 
Fig. 2. Blachaired areas re ager, more equa, and associated with dorsal stipes inthe king 
<heetah (B) Chramatogram of Tagpep DNA om a spotted (+/+) as compared ta aking) cheetah 
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‘without boa cts on ther oneness We 
Jer ths gone a Tanamenbvane nope 
hase Q agp) aah prot pret as Taba 
‘osett is omnia con. 

Tapp encode «typeI membrane sping 
protein ofthe MI aminopeptidase family whose 
Imember are chartrized by the pesenes of 
CGAMEN exopeptidise (SAMEN in Tape) and 
HEXXHNE anebanding moti inte exes 
calla domains (Fig. 18) (Infra ex. we 
hscrved homozygosity’ compound ety 
sity forthe SSX WHAT ale in 38 
fut of 58 (S858) hloched animals, with no 
Phenotypic distinction among the dteent geno 
fypic classes, compared to 31/51 macker ats 
that eared O or 1 i lees (able $1) dd 
Ta allele, D228N, was found to cosepegate wilh 
the blocked penagpe in aracath colony (6 

2D) In eal eats, we alo observed v0 Yarns 
acon 19, ene of which, TI39N, was signi 
Jean asiociated (P ~ 0.0017, Fishers exact 
‘ex wis an apical swiss pate (igs ard 
SSD and ble S1) and therefore may epresent 
Iyponorphic or numaphic activi. Overall, 
the mutant WSAIX allele predonsites and is 
responsible for the sng haplotype signe 
(Gg: SIC), shough the SS9X alle occur ox 
the same aplonype background, in wane 10 
WAHIX (ig 82) 

Cheetahs cinomsjubats) with the re 
king pair were orginally desrbed sa die 
Aint eid species (10) but were ae ecognized 
as having a monogsaic trait with an autosomal 
‘eesssive mode of inheritance (1) Inking che 
fas, the Black spot coalesce it larger aes, 
nd mull longtidinal black strpos appear 
on the dows (Fig. 2A) Wild king cheetas 
have bee sighted only na small are of sub- 
Saharan Aiea (Gg. 83) (1). Tgpep genomic 
sxuence from a captive king cheetah in Noah 
“Ameria revealed s base pai insertion in exon 
20, predicting a ameshi tha replaces what 
‘would normally be the carboxy-terminal 16 i= 
20 aids wih 109 new residues (S977KSL10, 
Fig. 2B), Additional DNA samples from captive 
chosahs in a large parce demonsited com 
plete cosearegaton af the king patter withthe 
[N97TKG6110 mutation [LOD (logarithm of os) 
score = 57), and fer evese that the mutant 
Allele was introduced ito the pedigree by one 
homozygous and Wo Beterrygous ails 
$3) Weald ant deel the NOP7KA110 munation 
‘in wild chee eal in Namibia (n= 191), 
Tanzania (n= 23), or Kenya (n~3). 

‘Depiction of bby aks fm the Middle 
Ages ae molly mackerel, but he Hache p= 
oye increased oscil high frequency 
tobe deserbed by innacusin 1788 character 
inc forthe domestic eat peaing the ormaion 
of most modem bres, We examined the pre 
ict Tain seen in 351 eas oon 24 bs 
(able $2) and observed tha the WEA alle s 
polymorphic in mt reeds of Wester ci, but 
‘ics or abut in Easter bods, The high allele 
froguency fo W84LX in Abyssinian (1.0), Biman 


(0.71), and Himalayan (0.77) cats is especialy 
notable, because tabby markings in these breeds 
are masked by episttic interactions. The SS9X 
allele, probably repmesenting a complete ablation of 
protein function, is most commen in Norwegian 
Forest Cats, and we observed one SS9X/SS9X, 
homozygote with a blotched phenotype. 

‘We determined Tagpep sequence for 31 wild 
fel species, ideniffing 130 synouymous and 
(64 nonsyoaymous predicted substitutions ( 
SHA), We assessed the potential functional 
Pact of the nonsynonymous subvtutions with 
multivariate analysis of procin polymerphism 
(MAPP) (/2), 3 quantiaive approach that takes 
into acenunt both evoktionary conservation and 
side-chain physicochemical properties. A MAPD 
score >10 indicates a likely impact on procin 
fintion andthe T139N and D228N substitutions 
sociated with lypical swirled and blotched eu 
tant phenotypes, respectively, inthe domestic eat 


Sek MAPP scores of 1 (P= LS » 107) and 
(2-39 10) Gg $48) Ineonst te T9A 
‘wan in the domestic eat (which docs ot att 
ato) yells» MAPP score of 88. The Blck- 
footed cat Fels njgrpes) a ear oir foes 
aber Feds, wth five Ineagespeii nosy 
‘yous substitutions anda combed! MAPP 
Score of 80 (i SAC). Fis exbis a pot 
fing phenotype tha similar the typical sed 
pute associated withthe TI39N allele in do 
‘mest cats (Fg SAD) his, cet evolaion af 
Tagpep nF igripes may conte is cae 
tert ptm 

“To investigate how color pattems are ple 
‘mented, we examined etal eat skin at 3, 8, and 
7 weeks of gestation, and observed th the Fst 
histologie indeation of aby markings comcies 
‘wth heir extra appearance at 7 weeks, when 
fll srchitctr is estblsed and nists 
gin to protrude though the epidermal surf 


‘en face; epidermis up 


en face; dermis up 


light dark: 


Tight dark 


Fig. 3. Skin sections of etal cats (A), at3, 5, and 7 weeks of gestation stained with hematorytin and 


eos 


together with unstained fat-meunt (en face) skin preparations of feta cats 


7 weeks of 


gestation). The 7-week images in(B) are fram an orange (OY or G/0) individual, which allows the 
dark component of the tabby pattern (which is orange-colored to be mare easily visualized. In the 
twansiluminated "dermis-up” panel, hae follicle outines (dashed re lines) appear light-<olared; 
‘melanin incorporation and blood vessels appear dark-colored. Scale bar in (A), 150, 50, and 250 um 


ing 


Sand 7-week fetal cat sections, respectively, and 50 um inthe 7-week epidermis close-up. 


Scale bats in (8), 2 mm, 100 ym, and 600 ym in epidermisup, follicle histology, and dermis-up 


panels, respectively. 
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(Pig 3), Attic stage, the boundary between dark 
and light tabby components reflects differences 
inthe amount of melanin deposition, with no 
apparent diference in cel type; melanocytes are 
‘resent in both dark and light areas but produce 
tore melanin in dark areas. Puthermoe, the 
density and architecture of hae follicles a i 
‘dependent of localization ta dark snd light aces 
(Fig 38), This suggests that aby markings aise 
ffom spatial variation in transcriptional activity 
rather than cell ype distribution 

We used the EDGE (EcoP1SItagged Digital 
Gene Expression) (3) method for gene expres 
sim pening to examine the transcriptome of 
‘chetah skin, in which there are sharp boundaries 
between lack spots and the yellow interspat 
areas and for wich mulkiple skin biopsies were 


Fig. 4. (A) Acheeta skin biopsy that 
Includes black yellon boundary also "gy. 
se fig, 56). (B) EDGE (13) determina 

tion of diferential gene expression inp 


blac: as compared to yellow colred 
ateas of cheetah skin, Transcript fe- 
‘quency (obszratons per iin sequence 
‘ads, mean of five samples) is plotted 
asa function of ferential expression 
The 74 genes with significant efferen- 
til expression are shown in back or 
yellow (FR < 0.05, see methods and 
{ables SB and $9); 7 additonal pig- 
‘mentation genes that are not iferen- 
til expressed are shown in ink. () 
Aeative mRNA lees (ean = SB forthe 
Indicated genes a asses by gRT-PCR 
{tom pare samples n=) of dark and 
light neonatal tabby skin; “P< 0.05 
(dark versus ight, two-tailed te. Des 
‘mal papilla expression of Fah mRNA 
(ourple stain, white ows) 2s detected 


yellow backgnd 


available for study. Cheetah skin exhibits an un- 
uwsunl histologic architecture; the epidermis is 
heavily pigmented, and i flies are organized 
in casters with extensive accessory structures 
(Fig. 44 and fig. SSA), However, the number 
and sof follicle clusters, as well asthe number 
‘of epicermal pigment cells. do not vary between 
baci and yellow-haired ares (fig. SSE), 
Based on a previous analysis of EDGE results 
ffoma single cheetah, we hypothesized that blak 
coloration involves localized alterations of genes 
downstream of Melr signaling (13). Biopsies of 
yellow and blak-solored areas trom five difer- 
tent animals enabled & genome-wide approach, 
in which the expression of 14014 genes could 
be measured across 10!-fold dynamic range 
(Pig. AB). At a false discovery mate (g) = 005, we 


Cheetah histology 


Expression level (tags/million) 


black spot 


REP 


ienifed 74 difeeially expres genes (ables 
St and 88) 

‘Among 60 genes up eu in black com 
pare to yellow chectah skin, 7 are melanoeyt- 
specific of which [Tir (9-0 g=38™ 10"), 
Si (73.4, g= 1» 10"), Der 2-6 g=33 » 
10", and Trp! (fold, g= 17 » 107) em 
co pigment type-sitcing components (14,1) 
‘Genes tat encode ligands or regulators of Mele 
signaling ar ot iferentally expressed between 
yellow and black cheetah skin (Fig. 4B and table 
57), However, one of the nonmelanoeytic genes 
‘up-regulated in black as compared to yellow 
chest skin (494d, q= 2.1% 10°, Edn 
Psacrine hormane exposed mostly by mesca- 
chymal eels that promotes diferentation and 
proliferation of mclnoeyies and other neural 


Cheetah gene expression (EDGE) 


Tin Black | 
tin yellow bkgn.| 
no change 


i 
black/yellow (log, fold-change) 


2 4 


by in sty hybrdiation, from a brown 
tabby Inidual The Te pane ls 
trates the expression of Edo mRNA in 
both pheomelanin- and eumelanio- 
Containing flies. () Phenotypes of 
‘Bevel mice ofthe indkated gena- 
types. Relative mRNA levels (mean 
SB forthe indicated genes rom T= 
PCR of cDNA fom contol (n= 4) and 
‘uansgenic (n=) mice are shown, “P< 
(0.05 (vrs a5 ARE, 
‘wot tes Scale basin (9), 40 and 
200 min epidermis and whole sec 
tion respected In (0, 60 ar 20 in 
let and right panes, respectively. 


o 


Tai mNA ToT 


WN 
ne 


Ens in situ hybridization 


Cat gene expression 


‘Det Sie7etT Wt Taqnep 


D Effect of skin-specitic Edn3 transgene 


iv Det Typ Sleaual Tye Trp SleratT 
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rest derivatives, a candidate rte coondination 
‘of spatial variation in haircolor. A hypenmorphic 
‘muaton of Gag, the second messenger trough 
‘which Edn acts, causes the accumula of dexral 
‘melanocytes during embryogenesis and conver 
yellow hart black in postnatal nice (6, 17). 

Quantitative reverse transcription polymerase 
cuin reaction (gRT-PCR) confirmed that the ex- 
pression of Edt and Si was increased in black 
Colored as compared to yellow-colored areas of 
‘cheetah skin: we also observed similar increases 
in a single leopard skin sample (fg. SSC), In 
‘ncomaal skin fom domestic cas (i wich there 
isa high proportion of anagen follicles), Eds 
‘mRNA expression was also ~tvald higher in 
dark as compared to fight ares (Fig. 4C), and in 
situ hybridization revealed that expression was 
‘eticted to the dermal papilla, a pennanent por- 
tion of the ir folic 

Ina’ mutant mice, which express high levels 
‘of Agouts protein and produce pheomelanin i 
stead af eumelanin, we confimed that an Ee} 
‘transgene (8) converts yellow ar to dark brown — 
colored hai (Fig. 4D), Using gftF-PCR, we ob 
saved thatthe dn transgene in mice wo casas 
increased expression of the same melanocyte- 
specific genes that are overexpressed in bck 
colored areas of cheetah skin (Fig. 48). Thus, 
increased expression of Ei in transgenic mice 
probably recaptulates both the coat color and 


smelancytic gene expesion served 
in cheetah skin, which suggests that localized 
expresso of Eh during fll br flick growth 
serves as a master regulator of spatial hai color 
dlferences associated with abby mckings, 
Inthe skin of neonatal domestic cats and alt 
cheetahs, Tagpep mRNA is expressed at low 
levels that do not difer between dark and light 
seas (Fig. 4,B and C)- In mice, levels of whole 
tenityo Tigpep mRNA as meas by qRT-PCR 
snereted progressively ding gestion and ee 
highest in posmatal skin (fig. $6). fn sta hybrid 
‘zation to mouse embryos (a embryonic days 105 
to 175) and to fetal cat skinat 3.5, 6, and 7 weeks 
of gestation did not reveal localization of Tagnep 
siRNA to any specific cell ype or rexion. 
Because tabby markings are apparent soon 
afer the time when melanocytes enter hai fol 
likes (Fig. 3), the effects of Tagpep on pattem 
‘morphology must occur at or before follile de- 
velopment and are therefore likely tobe mediated. 
by epithelial or mesenchymal cells. Our results 
suggest that Tapp i required to establish the 
petiodicity of tubby markings during skin devel 
opment (Fig. $A), and thatthe “bby marking” 
‘denty ofa particular region is implemented and 
‘mintained bythe ability of dermal papi cells to 
susan high vermis low levels of End production 
throughout subsequent hair eyes (Fi. SB). This 
‘model als helps to expan wy. in eonrast io many 


A. Establishment of pre-pattern during fetal skin development 


3-5 wks gestation 


keratinocytes 
Sermi=  melanobiaste 


Edna: 


high 


7-8 wks gestation 


Fig, 5. A aby prepatern is established at or before ha folie development (A, pecving regis as 
da (ray-colred) a ght (jellow-<aaed nthe absence ofTgoep, dark eos are expanded, and 
there less peri Regional identi manfesed and implemented) by dferenal gression of 
ins in th dermal papilla, a peratent pat ofthe ha fle that leases paracrine fas tact on 
varying melanocytes. Yeon and blak pigment are syathesad by melanocytes i hl flies at 


produce low and high levels of Ed, respectively. 


periodic color pattems in fish, which are mediated 
‘ny and depend on dest contact etween pigment 
cells (0-2), tabby markings change in size but 
‘no number daring ganismal growth. 

(Our findings also provide a mechanistic ex- 
planation far epstasselatonships between gout, 
Melr, and Tabby. Homozygosity fora lasso 
fiction gout allele i associated with a "ghost 
tein which Tabby stripes ae dificult or im- 
possible to vinulize, because eumaanogeic genes 
such as Tir, ipl, Det, and Pel are already up- 
regulated. The ghost pattem becomes apparent, 
however, in animals that are doubly mutant for 
Agouti and Metr (5), because endothelin and 
‘melanocorin signaling act in parallel (ig. $7) 
‘A system in which distinet parerne signaling 
pruhways—endbheins via a Ge, coupled reeptor 
and melanocorins via a Ga-<coupld receptor — 
‘onverge on overlapping cellular machinery could 
‘explain more complicated phenotypes, in which 
pheomelanir-ich yellow versus eumclaninsich 
Fnac areas exhit both periodic and regional 
fluctuation, such as sets or stipes of aliemative 
Figment types overlaid on a hackgsound of doe- 
soventaldilerences, as is apparent in leopards, 
jaguars, and tigers. Furtber studies of color pat 
tem in domestic wild eat hybrids afer the oppor 
tunity to study these complex color markings and 
add our knowledge of how felis acquie their 
color pattems. 


References and Notes 
Todor ee Mee 79, 21 (980, 
2.4 GS, Compe Cents af Cot Cl ie 
Morin Gene Pes, A Ye, 19 
Delon 12,3225 (995) 

4 Li ion An Rev. Gene 28, 109 (198 
Lert A Genet 0,57 00 

4, © te ay cur Bo 23,446 (2003 

1 € kal oy Scene 347,519 20M. 

2 WL tangas ea, Bol Ch 282 2088 (2007 
20. KL Pc, roe Zl Soc Loon 97245 (927 
BLL une, an Df Zod 209,573 (4 
SE C2 nang Lk Seal Caren, 

(5 sua anmefes 20 1908 2D. 

24 CS At 5 Ba len Cal es 291982000, 

45. foaga fl | Cal S308, 230) 198) 

36 C van Rms Fl He Fuh MH 

Pet Cl ela ex 22, 89 200). 

aa RL carnal) es Deal. 128,134 2000, 

39.4 Nanas aah, A ae, 5 Ks 

20, Waa, as inet 2 097 

BL ML Watanabe ot a BO ep. 7, 93 0 


‘Acknowledgments: We an a oe Anal Cre ad 
Se, fr Fes ere} Et a Humane ae, 
Fetsin He th Monte deal Ma an he Cy a 
ing ebestan selec th Nore 
Fart at sols a tent HF rds at 
toyota | Cow rel wh ala sale 
shen Unieraty Shs ol ne Genome Cate at 
{Deh epeng. Nun anges nated wth he 
oa the My of een Tet emt 


21 SEPTEMBER 2012 VOL 337. SCIENCE wwwsciencemag.org 


Downloaded from www.sciencemag.org on September 21, 2012 


2532 Sapte pat bythe Hua ete 
Betnagy any he tonal Rah Pag the 
nce ste Ilsa Geneech ane 

nestor he en var Dk Chea Cae,» nro 


nen rp es ty 


Supplementary Materials 
enemas eaiaianetlS3 700953400. 


REPO! 


Reece 22-26) 


22 Feu 2012 ace 20 iy 2012 


Loss of the Tumor Suppressor BAP1 
Causes Myeloid Transformation 


‘Anwesha Dey," Dhaya Seshasayee,? Rajkumar Noubade,* Dorothy IM. French* Jinfeng Liu,’ 
‘Mira S. Chaurushiya,' Donald 5. Kipatrik,® Victoria €. Pham,” Jennie R. Lil? 

Corey E. Bakalarski Jansheng Wu,” Lilian Phu," Paula Katavolos,* Lindsay M. LaFave,” 
‘Omar Abdel-Wahab,? Zora Modrusan,* Somasekar Seshagir,” Ken Dong,’ Zhonghua Lin,”* 
‘Mercedese Balazs,"® Rowena Suriben? Kim Newton, Sarah Hymowit,” 

Guillermo Garcla-Manero,"* Flavius Martin? Ross L. Levine,” Vishva I. Dixit"* 


DDe-ubiquitinating enzyme BAP is mutated in a hereditary cancer syndrome with Increased risk 
fof mesothelioma and uveal melanoma, Somatic APT mutations occut in various malignancies, 
We show that mouse Bapt gene deletion i lethal during embryogenesis, but systemic of 
hhematopoieticresticted deletion in adults recapitulate features of human myelodysplastic 
syndrome (MOS). Knockin mice expressing BAP1 with a 3xFlag tag revealed that BAPY interacts 
with host cell factor=1 (HCF-1), O-linked N-acetyiglucosamine transferase (QGN, and the polycomb 
Group proteins ASKLL and ASXLZ in vivo, OGT and HCF- levels were decreased by Bapt deletion, 
Indicating a citical role for BAPY in stabilizing these epigenetic regulators. Human ASKLI is 
‘mutated frequently in chronic myelomonocytic leukemia (CML) so an ASKUBAP complex may 
suppress CHIL & BAP2 catalytic mutation found in a MDS patient implies that BAP2 loss of 
function has similar consequences in mice and humans. 


in the majority of metastatic uveal me! 
anos and approximately one-quarter of 
‘malignant pleural mesothchormas. Somatic mu 
tations also have been identified in beast, lng, 
and renal cell cancers (/-S). Rese, gemnline 
‘BAP! eoutstions were linked to a tumor predic 
Peston syndrome charscerized by melanoe tc 
Tumors, mesothelioma, and uveal melanoma 
7), 
We investigated the normal physiological 
tle of BAP! using BAPI-deficient mice (i 
SIA), Bap!” embryos showed developmen 


Sse inactivating AAP! mutations occur 
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tal reudation at embryonic day 85 (E85) and 
were not detested heyond ES, inicating that 
[BAPI is essential for embryo development (i, 
St, B and C). To bypass this embryonic leal- 
fy, we bred mice that expres the tamoxifen 
inducible recombinase ereEIT2 ubiquitously 
fiom the Aosi26 locus (8) and had Bap! exons 
4 and 5 fanked by lax sites (one) (ig. S1.), 
The floxed Bap exons were delete frm most 
aujlt mouse tissues at 1 week ater daily ta- 
‘moxifen injections for S days were completed 
the brain being the expected exception (i, 
SID). Los of Bap! mRNA from hematopoiebe 
lineages at 1 week afr the final tamoxifen in 
jection was confirmed by quantitative reverse 
transcription polymerase chain reaction (ig 
SIB), and BAPI protcin was no langer detected 
in splenoeyes by Wester bloting (ig. SIF). 

hin 4 weeks ofthe last tamaxien injection, 
100% ofthe Bap)" ersERT2" mice [hereater 
refemed to as BAP! knockout (BAP! KO) mie] 
developed splenomegaly (n = 12 miee). This 
phenotype was never observed in. Bap! 
frcERT2" congo mice (here ere to 3s 
wildtype (WE) mice] (Fig. 1, 4 and B). Histo 
Prolog, fow eytomet, and mysloperoniase 
‘nmunohistochemisey reveled that splenomey 
sly inthe KO mice ese fom extramelry 
hematopoiesis and expansion of the myeloid 
lineage (Fig 1, C to E). Myeloid ells also were 
increased in Iymph nodes (fg. $2) and bone 
marrow (Fig. 1) 


Pcsphera blood taken fom 11 out of 12 BAPL 
KO mice at 4 weeks ater the final tmxien in- 
jection showed cytological ears consistent with 
_myelodysplaia and inefetive erythropoiss Fig. 
1G). Total Kukocyte numbers were elevated (Fig 
1H) because of menocytss (Pig, 11) and newo- 
pia (Fig. UD, which is consistent with hrc 
‘myelomonceyic leukemia (CMML)}-ke disease 
[clsitied asa myelodysplasticinyeloproieaive 
slsease according tothe new World Health Or- 
nition classifation of myeloid neoplasms 
(9). Thrombocytopenia was detected as early as 
1 week after the final tamoxifen injection (Fi 
1K), and all dscased mice developed severe po 
sgresive anemia (Fig IL). We noted morphologic 
features of enthred dysplasia, incading increased 
‘numhere of nucleated re blood cell, anisopoi- 
Jilcytoss, and prominent basophilic sipping 
(ig. IL), Hypersegmented neutrophils Fis.) 
Iilobed granulocytes (Fig. 1D, gia platelets (Fig. 
1K), hyposegmented neutrophils consistent with 
pscudo-Pelger Hut anomaly, and atypical im 
‘mature cells with myelomonocytic Features were 
also observed, Mitoi Figures and apoptotic cells 
(Ge $2) wore consistent with human mycldys 
plastic syndrome (MDS) (10), whereas blasts 
‘were raze. Colletvey, these data show that 
Bap! deletion proaces 3 myslopolifeaive! 
‘myelodysplastic disorder with features of human 
‘CMML. Consistent with whit ie seen in patents 
‘wth endonzn damage from myeloid neoplasms, 
the BAP KO heart contained micrthrombs 
‘wih multifocal necrosis, neutrophilic inflamma 
‘ion and inition of myelobasic els (i. $4). 
Given that chronic myeloid neoplasms ors 
inate in the phenotypic hematopoicic sem cell 
(HSC) compartment (11), we characterized the 
iced hematopoicie progenir cel pop 
‘lagon inthe BAD! KO mice, Lieage-negatve 
Seal” c-Kit" myeloid progenitor cells and HSC- 
ceched incage-negatve Seal” c-Ka”(LSK) ells 
‘war increased in BAPL KO spleen and bone mar 
row as early as 2 weeks afr the fil tmoxien 
injection (fig. $5). Given tht BAPL KO mice 
develop monocytoss and neutrophilia, BAP! KO 
LESK cel harvested | month ar tamonifn eat 
‘ment expres higher levels ofa subset of genes 
involved in myelopoicss (Hg. $5, B and C (12) 
In methylcellulose colony-forming assays, BAPL 
KO LSK cells yelled fewer colonies than WT 
ESK cells (ig, 8, And), In addition, unlike 
cols fom WT colonies, which could be rpltod 
ale 10 days in cule to foem nev colons, = 
plated BAPL KO cells did not produce well. 
formed colonies, and many exhibited eyoplasmic 
blcbbing characteristic of apoptosis (ig. $6, C 
and D). These in vitro data suggest that BAPL 
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deficiency impairs HSC survival andlor se 
renewal, but this may be contex-dependent, in 
such way that sufficient BADL KO HSCs sur 
vive in vivo fo reveal the skewing of ditferen- 
tation toward the myeloid lineage (Fig. and 
fig. $5) 

‘Newt, we performed bone marovs transplan- 
tation stds to determine whether CMML-like 
sca is intrinsic to the BAP! KO hematopietic 


Aw © 


compartment BAPL KO CD82" lineae-negative 
hone marow cells harvested citer 1 week (fig, 
SSA) or | month (ig. S7B) afer the final tamox- 
fe injection were unable to reconstinte the bane 
rar of lethally imadited congenic CDAS.1 

[Bo SIL recipient mice like thie WT couterpas 
This finding was confinned in competitive repop 
tltion assays in which recipient mice received 
cal numbers of WT B6SIL and BAPL KO 


B c 


CS7BLI6 hone marow cells (fig. $8). Faure of 
the BAP KO cell to engat mi 

inability o home t the appropriate stem cell 
riche However, ay! deli afr the bone mar- 
row of BOSIL recipient me was reconstituted 
with Bap er ERT bone marrow cel (Fig. 2A 
aa ig. $8) produc features of CMM, includ 
ing tomboeytopenia (Fig. 28), neuropil (Fig 
20), monocyoss (Fig 2D), and mena (Fig. 2 


Fig. 1. BAP1 defienc ests in MDSCMWLke disease. A) Bop“ refRT2* 
(WA) and Bop2" re RT2* (KO) spleens at 4 weeks after tamoxifen treatment 
(B) Total splenocytes at 4 weeks. (C) Hematoaylin and eosin staining of spleens 
at weeks. (D)Leukoyte subst in span at 4 weeks analyaed by fw cto 
‘ty. Wentiving surface markers were B20 (8 cell), CD3e (Tce, CDI 
(nyeloid call, and CD11 plus Get (neutrophil). (and F) Myeloperoxidase 
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Staining of spleen (E and tone mart Fat 4 weeks. (G) Peripheral blood 
sores at 4 weeks. (H to L Peripheral blood cll counts. Al graphs show the 
‘mean + 5D for five mice of each genotype. Atrks indicate statistically sig- 
fificant differences between WT and KO mice based on two-way analysis of 
variance (ANOVA), followed by Bonferoni posttest analysis. 10634, 1 x 
10"; WBC, white blood ells. *P < 0.01, 
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and F) a4 weeks, Myeloid ells were increased 
in de spleen (Fig. 2G), and lincage-negatve Seal 
‘eit’ myeloid progeitr cells an LSK cells were 
increased in the bone marrow (Fig, 2, H tJ). 
‘These daa indicate dhat BAP deficiency restctad 
to the hematopoietic compartment i suliient 
fr the development of myeloid leukemia, and 
there i no rulrement for BAPL deficiency in 
the bone marrow stoma, 


To investigate the mechanism for tumor sup- 
pression by BAP, we characterized by mast spec 
trometry endogenous BAPI-interacing proteins, 
which we affiniy-putid from BAP! 3xFlag 
knockin mouse spleen and brain (Fig. 3 and fis. 
SIO} These organs were chosen because they 
express BAPI (fig. S10B), and thei size means 
that protinycl isnot ming for: tis wots 
ting, however, that Bap) mRNA was detected 
in LSK cells (ig, SIE), and BAPL Flag pro- 
tein was immunoblotted in ineage-negative bone 
mary ells contuning the progenitor and stem 
cell populations (ig SI). Because antibodies to 
Flag also recognize several proteins in WT tise 
sues (fg. S1OB), we used a subtraction strategy 


cmploying sable isotope labeling Specifically 
BAPL SaFlg tsue Iyaes were mined, before 
mmunopecptain, in 1 mito with WT 
soles prac from animals fed °C,lysne in 
ther chow (13), I the light version of peptide 
driving too the BAPI.SxFlag knockin was 
ot more abundant than is heavy WT count 
when analyzed by mas specie. then the 
Pron was exiled as 8 BAPLintrating pro 
{cin Immunopreipistions wih ses from an 
nrc eck sa exposing Fag ARMCR 
{Gig S10C), which isa component of be CTL 
(Cemuinal to List motif complex (14), peo 
‘ied a fnther cont lor specifiy 

Captured proteins ere washed rity ander 
Jowstrngeney codons, so that sversuising 
reveal ao diffrent hands beneecn WT ver- 
sus BAPLSaFla spleen (ig. SIOD). Aer the 
WY background was subraced ont, however, 
‘known BAPLintractng proteins were reveled 
5,16) inlutng ost ell fcr (HCE 
Osinkad Naceylucoanine tasfense (OG, 
the polycomb uoup proteins ASKLL and ASXL2 
(Fig 3A) the isine demetiylase KDMIB, and 
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the transcripinal regulator FONKL. The BAP 
network defined by these experiments is repre 
scot in Fig. 3B, and it also clades sect i 
teractors fom the STRING database or manually 
curited annotations if they connected t0 80 oF 
more protins within our experimental data set 
Immunoprscpitation and Westem blotting of 
BAPILSxFlag mouse spleen validated the inter 
action of OGT and HCF-L with BAP! (Fig. 30), 
but we lacked pulity antibodis to aes the oer 
cndogenous interactions in this manner ASXLL 
isa cofactor that i essential for BAP! enzymatic 
activity (17) and is mutated fequenly in MDS 
and CMML (18, 19) Given the development of 
MDS in our BAP! KO mice tis tempting to 
spect thatthe BAPI-ASXL axis has a eit 
ical role in suppressing CMML 
De-ubiguitylation of the conserved epige- 
‘etic regulator HCF-1 by BAP! prevents HCF-1 
proteasomal degradation (20) and, consistent with 
this notin, BAD KO splenocytes contsined fir 
less HCP-1 dn their WT counterparts (Fig. 3D) 
(OGT aso was decreed in BADI KO spleneytes 
(Fig, 3D), and, being the sole cellular enzyme 


Fig. 2. BAPL deficieny in hematopoietic cel is sient for MDSICMML-the 
‘deze, (A) Bone marrow clls fram CD45.2° Bop" creERT2" of Bop™ 
‘ceERT2" mice were transplanted into CD45.1° lethally inated WT re 
‘ipiens Tamorifen was given to recipients at § weeks ater transplantation 
to induce Bp deletion, (8 to F) Peripheral blood cel count (8) to ()] and 
hemoglobin (HGB) levels (F) of reconstituted mice. (6) Splenic subsets at 
‘4 weeks after tamoxifen treatment, Identilying surface markers were 8220 
(@ calls), CO3e (T call), and CDELb (myeloid cells). (H) Flow cytometric 
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analysis of lineage-negative bone marrow cell populations at 4 weeks after 
tamoxifen treatment. (and J) Absolute numbers of ineage-negatve Scal 
‘cAit" myeloid progenitors () and lineage-negative Sea cit” (LK) cells 
{) in bane marrow at 4 weeks ater tamarifen treatment. All graphs show 
the mean + SD for three to five mice of each genotype. Asterisks indicate 
statistically significant differences between WT and KO mice based on two 
way ANOVA, followed by Bonferroni post-test analysis, *P < 0.05, "*P < 
0.001, ***P < 0.0001. 
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respensble fr 0-GleNAcyaton, the cells showed 
4 corresponding decrease in O-GleNAcylated 
proteins. To investigate wher BAPI can de- 
biguiyate and stabilize OGT dine, rer than 
decreased OGT being secondary tw reduction 
in HCE-L, we alfnity-puritied ubiquiyated and 
Myc-tagged human OGT trom HEK2937 cells 
sand then incubated it wis human BAP and bo 
man ASXLI resides 2 to 365, copuried tom 
S19 cell Consisen with OGT being 8 BAP! s- 
‘sat, ubiquitylation on OGT was reduced bythe 
BAPU/ASXL! complex, and tis de-abiguityation 
was blacked when purified BAPL/ASXL1 was 
prereated with the eysteine protease inhibitor N- 
‘thyimaleimide (NEM) (Fig. 3). NEM-nedited 
inactivation of BAPL catalytic atvty was con 
fined ina ubiguitin-7-amido 4-methyleouraria 
(UbAMC) cleavage asay (ig $124) In conrast, 
to the situation in splenocytes, BAD! deficiency 
in mouse embryo fibroblasts did nt alte stead 
state OGT protein abundance, but, in keeping, 
‘wil OGT being a BAPI subse, increased OGT 
protein tumover was reveled when trinslation 
‘was inhibited with cycloheximide (fg. $12). 
‘Because O-GkNAcyltion of HCF-1 by OGT 
necessary forthe prfclyic matunion of HCE-1 
(G1, 22) our daa indicate hat BAP not only st 
bilzes HCF- but also is necessary for HCF-1 
activation via OGT stabilization. 

THCF-1 isa pleioopic transcriptional corey- 
lator (23), so BAP probably regulates gene 
expression via HCF-1 stabilization. To iden 
potentially ertcal BAPI-zegulated genes, we de- 
‘emined what genes are @) dysregulated in BAPL 
KO calls by microaray analyses, and (i nommal- 
ly have BAP! bound indirectly othr promoters 
(ia yetio-be characterized DNA binding prt), 
as jned by chromatin immunoprecipttion snd 
DNA soquencing (Chis). Low crema yeks 
fiom hematopoietic stem/progenitor cell popu- 
Intons precluded ChIP-seq studies, so we used 
BAPIAxFlag kenockin bone marrow-derived 
‘macrophages (BMDMs) as 2 surogate to identity 
sgencmesvide BADI binding sites. total of 9128 
Significant BAP! peaks were identifiod alter ChIP 
‘with anodes to Flag (assessed wilh MACS anal- 
sis sofware wih singe enters: P value <1 » 
10 a fold enrichment >5). Of these sites, $926 
(68%) were located near the transcription start 
sites of $731 genes Fig. 4A). Motif enrichment 
analysis ofthe BAPI-hinding sites reveal that, 
the top two occurring motifs are most sila to 
snow binding sts of the Fis (CGGAAG) family 
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(ig. 4B). Gene expression data sets were gen 
crated with WT and BAPI KO lineage-negative 
Seal Kit’ myeloid progenitor cells as well as, 
[SK elle Among the ST3I genes with BAPI peaks 
by ChiP-seq, 32 were down-egulatd significant 
ly in BAPL KO cells (Fig 4C), whereas 18 were 
up-regulated. We validated BAP lealiztion to 
“Ment of 52 ofthe dowel gore by CP 
‘qualitative polymerase chain reaction (qPCR) (Fi 
AAD). Several ofthe genes identified ast the im 
rune system, including 177, which is partcu- 


larly interesting as a candidate BAPI target gene 
bbease it sa hnown regulator of hematopoistc 
cell survival, and /L72 expression is decreased, 
in MDS patients (24, 

[Next we performed skltional CP studs 
for HCP-1 and OGT using WT BMDMs, the goal 
being to determine which promoters occupied 
by BAPI also contain HCF1 andior OGT. Most, 
HCF-1 and OGT peaks (573 and 52.4%, respox- 
tively) were lest neartanscriptional stat sites 
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(fig. S13), Fighty-fve percent of promoters oc- 
cupied by BAPI also contained HCF-1 (Fig. 4E) 
Fewer OGT ses wer identified, but of these, most 
‘war fiund in genes containing BAPL andr HCF-1 
sites (Fig. AE), Within the 1827 promoters occe- 
Pied by BAP, OGT, and HCP-1, mee than 65% of 
BAP! peaks are within 200 base pairs (op) of an 
HICP- pk whoa 7 of OGT peaks re wit 
in 400 bp of an HF! peak (Fig 4), The close 
roimity ofthe BAPI, OGT, and HCE-I peaks 
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Fig. 3. Identifiation and characterization of BAPL-asocated proteins in mouse bran and spleen, 
(A) BAPL.3sFlag knockin (KI) mice fed regular chow and WT mice fed “heavy” "Cyysine in their 
chow were used to mae tsue lysates for ant-Fag immunoprecpitation (IP) and mass spectrometry 
NS). Top IP hits that were represented by multiple unique peptides deriving primarily from the 
“Tight” BAPL.3iFlag Kare listed. (B) The mouse BAPL interactome. Large nodes represent BAPI- 
Interacting protein identified inthe bran (blue lines) ar spleen (ed lines. Gray tines indicate known 
Interactions from the STRING database. Smaller gray nodes represent proteins from the STRING 
database that are connected ta two or more proteins from ur dataset and include manually crated 
annotation. (C) Anti-Flag immunoprecipitations from WT and BAPL.3xFlag splenocytes. (D) Western 
blot analysis of WT and BAPI KO splenocytes at 3 weeks aftr tamoifen treatment, (E) Myc-tagged OGT 
vas afin purified from HEK2937 cells cotransfected with hemagglutinin (HA-tagged ubiquitin and 
then incubated with BAPLIASKLL purified from SI9 cells, Where indicated, BAPI protease activity was 


‘inactivated with NEM before OGT was added 
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Fig. 4. Identfiaton of SAPL-equated genes. (A) Chraderiation of BAPL 
binding tes identi by ant Fag CHP-eq analysis of BAPL Flag BMDIS. TSS, 
‘wasp at te. (B) De novo met enichment analysis of BAP binding Stes 
ented sindaris to Bs (CGGAAG) and SPL (6GGCGGGO)transtrptin fador 
binding tes (© Vern diagram of gees wih BAPL ected to thee promoter in 
BAPL Flog MOMS ue ciel), and genes with reduced expeson in BAPL KO 
lneagenegatie Sal cXi” myeloid progenitors (MP; green cil) or BAPL KO 
15K cel ed cl). (D) Putative BAPL target genes identified in () were val 
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dated by ChIP-gPCR on BAPL3xFlag BMDMS (top paneD. Negative contol 
(Weg. Ce primers amply a region in a gene desert, and therefore binging 
of twansripon factors isnot expected. Bars show the mean. = SD of tripate 
els, the chvmatin dering fom BNOM: peoled frm multple KI mice. The 
lowes panel shows miroarayexpresion data forthe genes in WT ves BAPL 
KO MP or LSK cals (B) Venn dlagram showing the overlap between promotes 
‘ccupied by BAPL2iFiag, HCF-1, or OG, based on CPeq analyses. (Di 
‘ances separating BAP peaks and OT peaks from HCF-1 peaks by ChiP-eq 
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(Fig. 4) its wit their being recite 0 pro- 
moter a a complex. 

‘Given that BAPT KO mie develop MDS, we 
investigated whether APY mations osc 
‘man MDS by fillet rsequencing of JP 
in 32 ped tumor and noma apes fom p> 
Sots wi de nove MDS. We identi patient 
‘witha mest station that caus premti 
termination within the UCH cate domain of 
BAP. Analysis of matched normal DNA dl ot 
ins the Hames alle, which i eamsistent 
‘with soma suision ofthe frames a 
ruaion by the MDS eene (S14), The poe 
Sot with he somatic BAP maton preset 
‘wh racy eyopenias and maine dye 
Ps, similar w He mulineage dps and 
{topes son in our murine model Muon 
rofling revealed tht this ptiat was WT foe 
now» MDS musatons, including TET, ASYLI, 
EZI2, NRAS, CIT, FLT, IDH, snd DI, 
anu had dlQ0(QI1 29153) asthe sole ey 
‘sect aboomalty on metaphase chromosome 
Says, na separate microaray dat st (25), 
‘BAI mRNA expression wos reduced sii 
‘ely in CDM cals Sm MDS pats a com 
pe to hea consuls (ig. S15), whic iin 
Kecping with BAP being tumor suppres. 
‘To mimic AAP! haploinslficeney, we chance 
tered eterozygous Hep!" eERT2" mice 
alle tamonifon teatmen. Loss of one copy of 
‘Bap caused very mul. but progressive, Bema 


‘ological defects (ig. S16), which is important 
case the frameshift mutation identified inthe 
patent i hetero 

(Our resus identify a previously unknown 
and potent tumor suppresscefnction for BAP 
‘in myeloid neoplasia, The BAP ortholog in Dro- 
sophia, called Calypso, suppresses hax gene ex- 
pression (17), but we didnot see increased Hor 
gene expression in BAPI KO eels (fg. S17). Di- 
vergent epigenctic functions for Hy and verte 
bate BAPI might reflect the fic hat the HCF=1 
landing motif conserved in vertebrate BAP 
(16, 20) is absent from Calypso. We propose 
that BAPI forms a core complex with HCF-1 
and OGT that can differentially recruit addi 
tinal histone modifying enzymes to regula 
expression and thereby preserve normal hemo 
Poles It wl be interesting to determine whet 
Bap! deficiency restited to nonhematopoetc 
rouse tissues also promotes tumor development 
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‘Symbioses between nitrogen (N)-~ixing prokaryotes and photosynthetic eukaryotes are important 
for nitrogen acquisition in N-limited envionment. Recently, a widely distributed planktonic 
uncultured ritrogen-fixing janobacterium (UCYN-A) was found to have unprecedented genome 
‘eduction, including the lack of oxygen-evolving photosystem il and the tricarboxyic acid cycle, 
lwhich suggested partnership in a symbiosis, We showed that UCYN-A has a symbiotic association 
with a unicellular prymnesiophyte, closaly related to calcifying taxa present in the fosil record 
The partnership fs mutualistic, because the prymnesiophyte receives fixed N in exchange for 
transfering fixed carbon to UCYN-A. This unusual partnership between a cyanobacterium and a 
‘unicellular alga isa made for symbiosis and is analogous t plastid and erganismal evolution, and 
if alaiying, may have important implications for past and present oceanic No fixation. 
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Nonetheless, Ne-fixing symbioses are common 
fn tomestrial environments between bacteria oF 
cyanohacteria and multicellular plans. In the 
oceans, there are microscopic observations of 
probable ssmbioses betwen Neixing eyano- 
bacteria and single-elled eukaryotic algae (2), 
although the nature of the interactions, if any, 
are unclear, except between the heteroeystous 
Nefixing cyanobacteria and their associated di 
atoms (3). 


Recently, a geographically widespread uncul- 
tivated diazowophie cyanobacterium (UCYN-A) 
(4) was found to have an untsal degree of ge- 
‘oie sreamlining suggestive of obligate sym 
biosis. The streamlined genome of UCYN-A 
(144 million base pairs) lacks photosystem IL 
(PS Ul the oxygen-evolving component of the 
‘photosynthetic apparatus), RuBisCo (ribulose 
1. isphosphat carbonylase-onygenase thal fixes 
(Co), and the twiarboxylic aid eyele (TCA), 
features that usually define cyanobacteria (5,6) 
UCYN-A requires organic eatbon for enensy (al 
though itmay obain some energy through eyelic 
‘hotophosphorylation around PS I) and biosya- 
thesis, as well as a number of specific amino 
avid and mucleotides (5,6) We propose the name 
Candidamus Atelocyanobacterum thalsss for 
UCYN-A, Dissolved organic carbon concent 
tions in the ocean are typically low, particular- 
ly for labile compounds such as glucose that 
UCYN-A would require (thas » complete gly- 
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colysis pathway). Because UCYN-A has com- 
plete suite of nitrogenase genes and related genes 
‘required for nitrogen Fixation, it was bypotbe- 
sand that UCYN-A provides fixed nitmgen in 
‘exchange for fixed cathon fom «symbiotic pat 
ner (5,7) 

We tested dliferet possible partner phyto- 
plankton populations in seawater samples from 
the North Pacific Ocean Fig. fg Sl, and table 
SI) fr the presence of symbioue UCYN-A by 
screening flow-eytomtrcally sorted cells with 
UCYN-A-specific quantitative PCR (qPCR) 
assay for the nitrogenase gene (nfl) (8). The 
UCYN-A. genome had been obtained with this 
approach (6), but the seawater was fist concen 
tested by vacuum filtration before sorting. which 


cells fg. SI), Here, we used similar flow sor- 
ing procedure, but instead, ray seawater that had 
fot been preserved or concentrated was imme 
lately sored and resulted in detection of most 
(63 19 94%) ofthe LICYN-A nif genes inthe 
somed photosynthtie picocukaryate population 
(PPE) (I-10 34umediameter cells rather than otber 
pigmented and nonpigmented cll cored pop 
tulstions displayed in Fig. 1). The data un- 
cequivocally showed that UCYN-A is associated 
‘with photosynthetic picocukaryobe cells, These 
resuls explain the epors of UCYN-A nif in 
fillersfaconated samples from the California 
Coast (0.8- to 34um and 3-to 2004um factions) 
(2)and Staion ALOHA (1-to 3m fraeton) (5). 
We now only observe an enriched population of 
fice UCYN-A cell (0.2 to 1m) afer seawater 
‘concentration by vacuum frat, freezing for 
storage purposes and resuspension in tere sea- 
‘water, which apparently disrupts the agile 
association (fg. $1). UCYN-A appears to be in 
4 loose extracellular association (epiphytic) that 


Fig. 1. Example flow 
‘jtogram of cell popula- 
tions in unpresered sear 
ate that were targeted in 
thst. Rd Huorescence 
isa mesure of copy 
a conniation per call For- 
‘ard ster 0 ia proxy 
for call sie, Beads 3 ym 
in diameter blac) were 
wed for eference, Cl pop 
ations indicated are fh 
togyntbaticpicaeharyotes 
(BPE Bue), Proctorcocas 
(Pro, and cals a) 
that ae no PPE or Pr, Cl- 
‘xing of each population te 
Bates the srt gates use 
Mos UCHNGA if gene 
apis (63 to 94) were 
amplified from the PPE 
apulaton (able 51. Fw 
‘fogs fal ses 
inthis study are presented 
in fig. SL, 


Red fluorescence 


is ealy dislodged, which explains why there is 
some amplification of UCYN-A nfl from out- 
Sde the region ofthe sod photosynthetic pco- 
eukaryote popaation (able SI). This delicate 
‘ssocittion is smal to microscopic observations 
of other probable marine plankton symibioses, 
inching the mixed populations of unicellular 
Shnechococcus- and Crocasphaerlike unicel- 
falar cyanobacteria housed in the girdle of 
Dinophysis (dinoflagellates) (10), 

‘The marine picneukanyotic population de- 
fined by flow eytometry is extremely diverse 
UE-L3), Therefore, to identify the speific elle 
associated with UCYN-A, we compared univer- 
sal 185 ribosomal RNA (FRNA) and 6S eRNA. 
gene clone libraries that were ampli fom 
sorted samples ofthe entire picneukaryote pop 
tltion o those fom sorte single picocukaryote 
cells (able SI), Single cells and the entire pico- 
tukaryote population were intially screen for 
UCYN-A by nf qPCR. As expected, the pri 
I8S1RNA gene sequences [~730 hase pairs bp] 
derived fom the entre picocukaryote population 
sorts were diverse and included sequences fom, 
several clases of marine picoeukaryotes (Fig. 2 
and table $8), 165 rRNA gene sequences am- 
plified frm the ene picosukaryote population 
forts were also diverse and confirmed the pres 
ence of UCYN-A in these populations (able $3) 
However, amplification of the 188 rRNA. gene 
{sing nested PCR) from single UCYN-A nfl! 
positive sorted picocukaryote cells yielded ex 
slusively prymnesiophyte sequences (Fig. 2 and 
table 4). 

The parial 188 RNA gene sequences [or 
pares sequences from the EkS85/1269 primer 
amplicon, GenBank accession nas. IX291679 to 
SX2OLNU and IN291S47 to JNI9L67S, derived 
fiom 12 single UCYN-A- nif positive picocu 


REP 


Jauyote cells, were greater than 99.5% identical 
to cach other and had best BLASTin hits (099% 
identical) toa sequence derived from sore pico- 
plankton frm teoigetrpbic South Paci Ocean 
(GenBank accession no. FIS37341, BIOSOPE 
60.34, sample T60, Staton STB, -10729°E, 
27,77) (14) (Fig. 2). A metagenome fom 
sorted photosynthetic picceukuryotes af the 
same sample (BIOSOPE, sample T60) also 
‘contained numerous DNA sequence red can 
length of 340 bp that were almost identical (99 
to 100%) to the UCYN-A. genome. Samples 
fiom an adjacent station (STAT, samples 139 
and T40) contained nether good matches to the 
UCYN-A genome nor the partner partial 188 
RNA gene sequence we identified (table $2 
and fig. $2). Assembly of the UCYN-A reads 
fiom sample T60 covered 12.4% of the UCYN-A 
‘genome (table $2), providing additional evi- 
‘dence that UCYN-A is associated with the pieo- 
‘cukaryoes and thatthe UCYN-A prt the 
‘sme in the oligotrophic North and South Pacific 
Oceans 

We examined the phylogeny ofthe fl-lngth 
ISS RNA gene ofthe BIOSOPE environmen- 
tal sequence (160.34) (UCYN-A partner se- 
‘quence best BLASTa it relative tothe diverse 
-pomnesiophyte class (11, 15,16, The BIOSOPE. 
60.34 sequence clustered with the calcareous 
‘manoplankion Braayudophacra hielo (17-20) 
and with Chysochromulina parkeae (21, 22), 
‘which may conti cali scales as well 23) 
(Fig. 2). 2 bigelowi appears to represent sever- 
al pscudo-eryptie species that ar all easly i 
fereniated from othr clearenas phytoplankton 
by their distinct pentagonal plates (19). Produc 
tion of calcite plats by the UCYN-A partner i 
an insiguing possblity bocase ealearcons phy- 
toplankion are important inthe vertical fx of 
carbon and nitogen inthe oceans. Sedimentary 
records frm the late Cretacous show fossil of 
Bruaradasphaera species i open ocean sedi- 
iments (24, 25), suggesting that the UCYN-A 
‘symbiosis could be ancient and could potentially 
‘he sted in a paleo-accanographic context. How 
ver, prymnesiophytes (or example, Enulania 
Jusev) have complex lie histories i which 
fom (in particular calcification) and behavier 
<hange dramatically hetyeen haploid and diploid 
life stages [references in (26). Because the li 
history stage of the partner cells in the natural 
populations ofthis sly i unknown and sample 
rocessing could have dissolved or removed pats, 
‘wheter or nol the partner is ealeifying could no 
be determined, Calcification of the partner cell 
‘oul bean important facet ins symbiosis with 
UCYN-A, because it could providea mechanism 
fr stablizing an extacelllar association, 

Prymnesiophytes are typically fee-lving and 
photosynthetic and therefore could provide or- 
[ganic C for an associated photohetroroph like 
UCYN-A. To tet this hype we applic aha 
‘ogenated in sits hybridization nanometer-scale 
secondary ion mass spectrometry (HISH-SIMS) 
approach to natural phytoplankton populations 
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fiom Station ALOHA (27) that were amended 
with "Nand "C-hicatborate (H!°CO,) and neu 
buted under in sit conditions, The photosynthetic 
picocukaryote cells (diameter 110 3 um) were 
subsequently sored by flow cytometry, preserved, 
and processed for HISHLSIMS (27,28). highly 
specific oligonucleotide probe forthe UICYN-A, 
168 RNA gene (UCYN-732) (27) confimed the 
presence of 278 LICYN-A cells among the sorted 


partner cell (diameter 0.99 40 1.76 jm) during 
sample processing. UCYN-A cells were mainly 
fervel atone end of the parr ell in wit 
‘appeared to bean indentation (Fig. 3A), Numer- 
cus UCYN-A cells (107, 38%) were dislodged 
fiom their cular partners during HISH-SIMS 
sample processing (the cells wereinially atached, 
cthersvise they would nothave been srt by low 
cytometry) and observed without an associated 
cell Some (34) ofthe UCYN-A cells identified 


plankinic smbioss involving eyanchaceria ex. 
tlatom symbionts with filamentous hetercyst- 
forming cyanobacteria), the cyanobacteria mi- 
igre to polar ends of the larger partner cells 
befor cell division of the host (29). Similarly the 
partner cells with multiple associated UCYN-A, 
cells may have been dividing, ems the incu 
tion period was longer thar typical cell division 
‘oe (36 hous} Measurements of scaning elee- 


Photosynthetic picneukaryote population. Most 
(163, 59%) ofthe UCYN-A cells (diameter 0.31 
0 092 pm) remained associated with a lager 


by HISH were present 
cds of single part 


‘fon micrographs (SEMs) of individual higlowt 
cll om enchments of cost water show tice 
‘size classes, the smallest of which corresponds 


as pairs located opposite 
reall (Fig. 3A), In ther 
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Fig. 2. Diversity and phylogeny of UCYN-A nift-pastive sorted 
picoeukaryote populations and single cells from S-m and 79-m depths at 
Station ALOHA. (A) Maximum-lkelihood tree (PhyiL) of selected cultured 
prymnesiophyte 185 rfNA gene sequences with clade assignments and 
‘Genus names per (5). “BIOSOPE T60.34” sequence (blue type and as 
trish) isthe best BLASTA hit of the UCYN-A partner sequence amplified 
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{rom UCYN-A nift-positive single photosynthetic picoeukaryotes. Node 
‘support greater than 75% is marked by black squares. (B) 186 rRNA gene 
diversity ofthe entire sorted picoeukaryote population that was the source 
of single cell sorts from March (S-m depth, cruise KM1110) and August 
(79-m depth, cruise HOT234) that wee positive for UCYN-A nifH and the 
BIOSOPE 160.34 sequence. 
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to ell diameters of about Sym. which is larger 
than the UCYN-A partner cell measured here 
(US, 19), Wealeareons plates ae present on the 
UCYN-A partner, Jos of the plates during sam- 
ple processing for HISHLSIMS may resul in 
measurement ofa smaller cel diameter than cell 
measured by SEM. llratively, the UCYN-A 
partner may epeesent an alditional smallrsize 
class of A higelowti adapted to the oligotrophic 
Ten partner cells and their associated UCYN- 
A cells were chosen for quantitative isotopic 
analysis with nanoSIMS. On average, "C/C 
Carichment yas ler inthe UCYN-A cells than 
in the pariner cells (average "C atom % of 
1,8159 and 2.4602, respectively Fig. 3, B and C 
and table $6). Because the UCYN-A genome 
doesnot contain carbonation paiva (, 6), 
but photoryntheticpicocukaryotes do, we con 
clude thatthe 'C enrichment in UCYN-A was 
de to triste of fixed C tom the eukaryotic 
prior Both purine and UCYN-A were tngly 
"Nenriched (Fig 3, C and D, and table $6). As 
only some bacteria and some archaea can fis Ns 
four naneSIMS data provide direct evidence fir 
‘active N; fixation bythe unculvated UCYN-A. 
The sverage "NN enrichment was higher inthe 
pariner cells than in the UCYN-A cell (average 
TSN ato 9 of 13308 and 1.2081, respectively), 
shoving tht extensive amounts (we estimate up 


0031 


027 “Hera i 
0023 

Poor - 
ons. 


oon 
(01004 0,008 0.012 0.016 0.020 
NPN 


01 


A tothe parte cell. In contrast litle ofthe C (1 


to 17% fixed by the partner eel was transfered 
to the UCYN-A, consistent withthe lower C 
requirements of a small slow-growing hetero 
trophic symbiont. The large fraction of N trans 
ferred to the partner is consistent with results 
from known symbiowes, sch as betwocm hetero 
‘tous cyanohactea and marine planktonic di- 
stom (3), 

The symbiosis reported here is unusual in 
that its a partnership between a peymnesionste 
anda unicellular cyanobacterium, The results 
provide an explanation for how the metabolically 
streamlined UCYN-A survives in the oligotrophic 
‘ocean, despite the lak ofthe TCA eyele, PS I 
and some biosynthetic pathways. Tracer exper 
‘ments using "N and "C clearly show that the 
cyanobacterium proves Fixed N to the eukary 
otc partner and conversely that C fixation by the 
eukaryotic partner can provide C to UCYN-A, 
Thus, the association appears to be at least a 
smuualsic and facultative, if not an obligate, 
sociation tis sill not known whether the eyano 
buctriam is an endosymbiont or lives on the 
surface ofthe poymnesiophyte. However, the srs 
tivity to disruption and the HISH-SIMS imaging, 
indicates that tis loose cell-surface association, 
Many ofthe dislodged cll obscrved afer HISH- 
SIMS were located near a picoeukaryotic cell, 


(0.005 


jocea 


ors 


loro 


Fig. 3. Mcrscopy ad elemental compat of two UCYN-A partner calls and their associated UCYN-A 
calls detected in samples from sorted picoeularyotes analyzed by HSH-SIMS. (A) FC (HISH) labeling 
fof UCYN-A, Inset displays labeling of the same UCYN-A cells by catalyzed reporter deposition 
fluorescence inst hybridization (green) and DAPI (46-dlamidino-2phenytndoe) staining of partner 


cell nucleus (blu). (B) The "CC ratio image of UCYN-A and partner call. (€) The "iC and 


NEN 


{in 20 selected partner cells and thei associated UCYN-A cells (able 6). () The =NPN image ratio 
of UCIN-A and partner cel, The white lines define regions of interest that were used for calcu 
lating "4c and "8/4 ratis, UCYN-A cll are indicated by white arrows in () and (0). Seale 


bar, 3 um, 
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Because B bgelowi, the closest known relative 
of the sequence amplified from our single-cell 
sorts, has ealearcous plats that are easly di 
lodged, itis conceivable that UCYN-A is some 
ho ascii wat these plates. Sample handling 


and processing, in particular the HISH assy 
could have dislodged or dissolved the calcium, 
carbonate plates, releasing UCYN-A. 
Treascxatonof UCYNA wit pomonesphcs 
suggests that N fixed by UCYN-A may enter the 
microbial loop through this group of relatively 
abundant and globally relevant primary produc- 
crs and mixotrophs(/, 16, 30,41) and bas ober 
import implications, The UCYN-A partner may 
he caleifing, which ha implications fr the con- 
tributions of N-based new preducton to verial 
carbon Max (32), the sensitivity ofthe UCYN-A, 
partner to ocean acidifetion (3, and paleo- 


‘oceanographic micrfossils in sediments, Equal- 
ly interesting is the existence of a planktonic 
unicelllar Ne-txing symbiosis and ts implica 
tions far evolition and adaptation. The presence 
‘ofthese simple interactions between single-eled 
‘organisms are reminiscent of those calierpri- 
mary eodosymbioic events and underscores the 
cnigmatic absence of N-fixing plastids in eve 


fixation isan energetialy expensive 
-serstve reaction, and rtrogenase is an 
ancient enzyme. Thus, the UCYN-A association 
is a symbiosis wih a prymnesionhyte and pro- 
Ve a intriguing model forthe evoltion af Ns 


fixation, and the mutualistic iterations between 
planktonic microorganisms 
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Disruption of Reconsolidation 
Erases a Fear Memory Trace in the 


Human Amygdala 


‘Thomas Agren,* Jonas Engman,* Andreas Frick,* Johannes Bjorkstrand,* Elna-Marie Larson? 


Tomas Furmark* Mats Fredrikson" 


‘Memories become labile when recalled. n humans and rodents alle, reactivated fear memories 
‘an be attenuated by disrupting reconsoldation with extinction training. Using funcional 

brain imaging, we found that, after a conditioned fear memary was formed, reactivation and 
reconslidaion left a memory trace in the basolateral amygdala that predicted subsequent 

fear expression and was tightly coupled to activity inthe fear circuit ofthe bain. In contrast, 
reactivation followed by disrupted reconsolidation suppressed fear, abolished the memory trace, 
and attenuated fear-cirult connectivity Thus, as previously demonstrated in rodents, fear memory 
‘suppression resulting from behavioral discuptio of recansolidation is amygdala-dependent also 
in humans, which supports an evolutionarily conserved memory-update mechanism. 
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(CS) trough pairings with an aversive stimulas, 
forms a memory trace inthe amygdala (2). Mem 
fry activation produces behavior (2, 9) and 
sutonomic fear reactions, such as skin conduct- 
ance responses (SCRs) (10-12), frequently used 
to measure fear leaming- Studies in animals (13) 
and anxiety patients (14) demonstrate that ex 
tinction weakens, but daes not erase, fer mem- 
vies. In rodents (/3) and humans (15) alike, 
textncion atlenustesconltioned leer expression 
through prefrontal inhibition, Fear can ture af 
ter stress, he renewed when altering the envi- 
ronmental context or reoccur wi the pasage of 
time (16). 

By activating memories and disrupting their 
reconsolidtion, through protein sythess block 
sade local in the amypdala (8) or trough systemic 
‘administration of fpadrenengic receptor antago- 
nists (7,18), fear memaries are inhibited. Fear 
memory reconsolidation can also be dismupted, 
behaviorally (6, 7, 19) In rodents, extinction af 
fear conditioning performed 10 or 60 min aie 
presenting a reminder of the conditioned fear, but 
ot afer 6 or 24 hour, inbibited fear expression 
(7) Fear did not return ina new context, air 


shock exposure, or with time. Thus, extinction 
conducted within, but not ouside, the reconsli- 
dltion window resulted in permanent attenuation 
‘ofthe fear memory (7). 

In humans, extinction performed within 
the reconsolidation interval also inhibited fear, 
‘whereas extinction tuning performed outside 
‘of the reconsolidation interval spared the mem 
‘ory and fear returned (6). In animals, the neu 
ral fonctions enabling fear memory formation 
‘and reconsolidation ate located in the amy 
dala (2, 7-9, 20)-In humans, lesion (2) and 
‘rain maging studies (10-12, 22) confi that 
the amygdala is x key area for fear memory ex- 
coding. To test the hypothesis that reconslida- 
tion in humans ie amygdalt-medisted and that 
clupion of consolidation inactivates a mem 
‘ory trove in the basolateral amygdala, we por- 
formed a stay combining bexn imaging with « 
physiological measure off, 

‘On dy 1, twenty-two subjects (11 women) 
aged 24,0 © (148 (mean * SEM) underwent fear 
‘conditioning to establish an associative fear 
‘memory (Fig. LA and fig 1). On day 2, the fear 
‘memory was reactivated by presenting the cue 
previously ined with the shock (CS) or 2 min. 
Subject were randomized ino two groups. One 
‘group received extinction, consisting of repeated 
(CS presentations wit the shock witheld, 10min 
afer resctvation and thus within the eeonsol- 
idation interval. The ther group received extinc- 
tion hours afer the reactivation Le, outside of 
the interval. Fear expression was measured using 
SCR (6, 19). On day 3, a renewal session was 
performed ina new envionment, a magnetic 
‘nance scanner, where shook elects were al 
tached, although no shocks were delivered. SCR 
‘were not measured fr technical reasons, On day 
5, subjects were exposed to unsignaled shocks 
ad then re-exposed to CS. Retur of fear was 
defined as the increase in SCR from the last ex- 
tinction trial on day 2 to the fit reinstatement 
‘wal on day $ (ig. 18) (6. 

Fin, we evaluated if the predicted behavioral 
reinstatement effect vas present on day 5. Com 
firming this, increased fear responding was ob- 
served inthe 6 hours, but not the 10 mi group 
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(Fig 10, right pane), Groups were indisinguish- 
able in acquisition and extinction (Fig. 1B and 
fi. SI). 

Next we tested the hypothesis that the fear 
memory representation i localized to the amy 
dla. Significantly greater activity was evident 
bilaterally in the basolateral amygdala in the 


Fig. 1. Extinction during recnsoidation blocks 
teinstatement of fear and abolishes a memory 
trace inthe amygdala. (A) Alter fear conditioning 
‘on day 1, when 16 shocks were paired with Visual 
‘ue, a memory reminder was given on day 2, and 
tetinction was performed after 10 min or 6 hours, 
by exposure to eight conditioned cues with no 
shocks. On day 3, amygdala activity mas assessed 
with functional magnetic resonance imaging 
(MRD during renewal induced feat, On day 5, 
return of fear was evoked by presenting unpaired 
shocks before Cs were again presented. (B) 
Groups were equivalent in acquisition (20) 

(0.46, P = 051] and extinction (20) = 1.03, P= 
(0311, Retum af fear was confirmed in the 6 hours 
‘group [blue bar; 10) = 272, P= 0.02] but notin 
‘the 10 min gaup red bar 2) = 0.23, P= 082) 
MARI demonstrated a remaining fear memory 
‘representation inthe amygdala after reactivation 
and normal recnsoldation but nat after react 
tion followed by disupted reconslidaton. the 


votes reflecting the bilateral memary trace, encompassing the basolateral 
amygdala, indicate superior memory representation in the & hours 2s com 


pared wih the 10 min group (rain coordinates: x,y 
246; =0.007;378 mm 


Fig. 2. Amygdala activity predicts return of fear 
ancl corelates with recall of far. (A) Inthe 6 hous 
sroup (top), activty bilaterally in the basolateral 
amygdala predict return of fear 2 days ater sy, 
2221, -1, 17,2 =2.06; P= 0,002; 999 mx. 
22-21, ~4,-14;2= 2.38; P= 0008; 1107 m. 
in the 10 min group (bettom), an ace in the right 
temporatclaustum extending ino the amygdala 
was also related to SCR (x,y, 2 = 33, 2,~23; 
2.49; P= 0,006; 324 mm’). Because fear didnot 
feturn in the 10 min group, the corelation may 
teflec Individual brait-behavior relations un 
telated to fear and the experimental manipula 
tion. () In the & hours group (top), recall of fear 
during extinction covaried with the stength of 
mada activity bilaterally, y,2= 24, ~1, 20; 
22235; P =0.009; 378 mmx, y,2=~15, 4 

A7,2=2.21; P=0.012; 189 mm’) No covariation 
existed inthe 10 min group (bottom) 
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6 ours group as compared with the 10 nin 
tp (Fig. 1B), 
‘Weithen et ifthe amy 


i-ocalied mem 


cory predicted retum of fear Positive corelation= 


Present between return of fear and blond 


coxygen leyel-dependent (BOLD) activity bilat- 
erally inthe basolateral amygdala inthe 6 hours 


correlated 


soup (Fig. 2A), ln the 10 min group, 

the night claustum extending int the am 
icantly with SCRs (F 

BOLD activity reflecting the amy gala-local 


ctuster in 


memory tre also correlated with fear recall 
luring extinction the previous day in the 6 hours, 
but not the 10/mi, group (Fig. 2B), 
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The autonomic nervous system measure of fear isthe SCR. The CNS mea 
sure of amygdala activity s BOLD activity. Brain coordinates are according 
tothe Montreal Neurological Institute (MND. Eor bars are standard ertor 
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Fig. 3. Areas in the amygdala that correlate with recall and return of fear are colocalized with 
the memory trace, (A) The amygdala areas reflecting the memory tace (Fg. 1) overlapped with 


the areas that predicted return of fear in the 6 hours group (, 
15, ~1, ~14; 108 mm illustrated in Fig. 2A (Lop). (B) The localization of the memory 
trace alsa overlapped with ateas involved in recall during extinction (sy, 2 
15, ~4, ~17; 135 mm’) illustrated in Fig. 28 (top), inthe 6 hours group only. (€) These 
three areas averlapped with each other (x, y, 2 = 24, 2 


ye 


27 mm’) 


24, 2,17; 189 mm 


4,2, -20; B1 mar" 


135 mms, y,2==15, 1, 14 


Fig. 4, Amygdala memory trace activity is functionally coupled to the fear network in the bran ater 
normal memory reconslidation but not after disrupted reconsolidation. The connectivity analysis, using 
BOLD activity in the amygdala from ares representing memory trace activity in the & hours group as 3 
seed of interest, demonstrated stronger functional couptings in the & hours than inthe 10 min group in 
structures forming the fear-irct ofthe brain, Including the mine anterior cingulate cortex (A and B) 


uy, 
Ly? 
hippocampus is ilustated yy, 2 
total 675 mm. 


Amygdala areas harboring the memory tice 
(ig. 1B) and areas covarying with retum of fear 
(Fig. 2A) overlapped in the © hours group only 
(Fig. 3A), Moreover, the memory trace ws 
localized to areas involved in fear memory recall 
during extinction (Fig. 3B), Finally al these ares 
overlapped with cach other ony inthe 6 bours 
sroup (Fig. 3C). Thus, the localization of the 
memory trace in the amygdala overlapped bla 
cry with ares related hoth to recall of fear 
during extinction and tum of fear daring re- 
instatement. The hypothesis that memory as 
not enised, but only suppressed, by extinction- 
‘diated prefrontal inhihtion was not supported 
because the theoncically predicted (13, 15) neg- 
ative coupling between activity in the vento 
‘medial prefrontal cortex (vmPFC) and return of 
fear was absent because vimPFC activity dd not 
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~9, 47,23; 2= 3.145994 mm) bist nsula (Rand ty, 
21,29, 0, 2 = 295; 4077 me), and bilateral hippocampus (0, although only the ght 
27,13, 16 


33,20, 7:2=3.28 1890 mm" 


251; 297 mm y,2= 30,25, -8,2 = 251; 


correlate negatively with fear in ether group 
(Zescores of =I), 

Finally, we evaluate if activation of the fear 
‘memory in the amygdala was lnk 
other nodes ofthe fear networks (23) by calcu 
lating the covariation between memry-aswcitd 
amyguala activity and activity inthe remaining 
network. Our amygdala seed of interest come 
lated strongly with activity bilaterally in the 
insula, hippocampus, and the midline anterior 
‘ingulate cortex and significantly moreso inthe 
6 hours than in the 10 min group (Fig. 4). No 
str showed a better correlation withthe ay 
dala sed in the 10 min group. This suggests that 
the amygdala could be the primary ste of mem 
‘ory plasticity, hut ako influence revonsolidain, 
by affecting other regions of the fear nctwork, 
The amygdala could ts playa modulatory rather 


than solitary, role in human fer recomsoidtin 
process 

In suramary, whereas the amygdala memory 
representation afer activation and unsrupiod 
recansolidation preted retum offer and Ws 
functionally coupled to other odes ofthe brain's 
fear network, disruption of reconsolidation sig 
nificantly weakened the amygdala memory and 
its coupling, rendering it unrelated to both recall 
and retum of feat We conclude tht extinction 
training intated during revonsolidation abolishes 
fear expression by emsing a memory trce inthe 
amygdala, Reactivated fear memories are sensi 
tive to behavioral disruption (6, 7,10), and the 
amygdala proves to be a key: neurobiological 
substrate for this process also in humans. This 
mechanism holds great clinical promise in anx- 
icky treatment (f, 17-19) in order to dissociate 
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Acute Gastrointestinal Infection 
Induces Long-Lived Microbiota-Specific 
T Cell Responses 


Timothy W. Hand,* Liliane M. Dos Santos,"* Nicolas Bouladous,* Michael J. Maltoy,! 
‘Antonio J. agin,’ Marion Pepper,"* Craig. Maynard,* Charles 0. Elson Ui, Yasmine Bellaid"* 


‘The mammalian gastrointestinal tact contains a large and dvesse population of commensal bacteria and 
{aso one of the primary ites of exposure to pathogens. How the immune system perceives commensals 
{nthe contert of mucosa infection is unclear. Here, we show tat during a gastrointestinal infection, tolerance 
to commensal is lost, and microbiot-specicT cells are activated and differentiate to inflammatory 
effector cells Furthermore, these T cells go onto form memory cls that are phenotypically and 
functionally consistent with pathogen-specificT cell. Our results suggest that during a gastrointestinal 
Infection, the immune response to commensals paral the immune response against pathogenic microbes 
and that adaptive responses against commensals are an integral component of mucosal immunity. 


he intestinal microbiome is essential 
I multiple aspects of host physiology (J) 


Recent studies have estimated that the ha- 


‘man microbiome contains~3 «10° distinct genes 
each of which may possess multiple antigens (2) 
Regulating immune responses to this extracel 
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nail diverse set of antigens ia formidable task 
hocause commensal also expres inflammatory 
pathogen-associated molecular pattems (PAMPS) 
that could potentially activate the host memane 
response (3). To limit contact with the commen- 
sl microbios, the gut is compartmentalized and 
‘contain varios innate and adaptive mechanisms 
that prevent adaptive immune responses against 
food and commensal antigens (4-6). Maintaining 
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fected orally with 15 ests of red 
fluorescent poten (RFP/-expresing 
T. gondi tthe timesindcated post- 
{infection (pi), sil? and spleen were 
fsolated and the percent of cel in- 
fected were measured via flow of 
teametricanalsis of RFP” els fai 
2 independent experiments, n = 3 to bebldils 


Cytokines CO4* T cals (6) 
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15 mie per time pint. (B) Smal intestinal samples were lated fom nave and 
ay 9 T. gond-nfecied rice. Intestinal samples were then fed, sectioned, 
‘untertaned vith 46 dlaniino-2-pherindole DAP) and hybridied for SH 
wih a furescent probe specific to eubacterial 145 chromosomal sequences. Sale 
‘bar, 25 uM N = 7 independent experiments. (C) Counts of bacteal colonies 
‘ature from spleen, mesenteric mph node (mest), and Wer at time points 
Indicated after 7. gon infection; N'=3 independent experiments =3 04 mice 
er time print. (D) Lymphocytes were prepared from thes? of nave o day-40 
infected mie, stimulated wih phorbol 12-myisate 3actate (PMAYionomycin 
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and tained ntracellaty for FN-y and I-97. Bar raph stows the percent Gf) 
fer the mean fluorescence ntensty ight of CD cel expressing IFNy of I-17 
Stoun isa representative example of te epaate experiments = 4 ta 6 mice 
er experiment. €) CD4 T cals were purified from the sLP by means of fo 
‘ytomety and cocutuced with bone marron-derved DCs preloaded wth soluble 
T. gandif antigen (14g) or actnated with PRMonamyein for 35 hours. Stim 
tiated calls were stained intracelilarty fr IFNy and I-17 and analyand by 
meansof flow ctomety. Shown isoneof twa experiments. Flow cytometry of C4 
ces gated Live TERS" CD4" Fp. Graphs show mean + SEN, "P< 0001. 
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immune tolerance to eommensl-derived ant 
‘gens inthe gastrointestinal (GI) tract is eitical 
hocause activated CD4 Tells have been stong- 
ted with inflammatory bowel disease 
8). 
The Gl inet is a common site of infection, 
and whether the immune system discriminates 
‘commensal fom pathogens is unclear In sme 
instances, the proinflammatory properties othe 
‘microbiota diclly contribute to the induction of 
immune responses and pathogenesis of mucosal 
infection (9-11), Whether acute Gl infection also 
leads to priming of adaptive immune responses 
‘against commensal has not been added. To 
investigate the fate of immune responses to com 
‘mena backer ater infection, we used cyan 
ordi, Upon oral infection, T: gondit expands 
‘systemically nthe spleen and les inthe stall, 
intestine lamina propria (SiLP), where it induces 
substantial immunopathology that is associated 
witha T helper 1 (Tj!) immune response and 
aa redaction in regulatory T cells (Ty cells) 
(Fig. 1A and fig. S1) (12). Afr day 9 of in 
fection, the immune response lagely eliminates 
the partite fom all ts except the cena 
nervous system and skeletal muscle, where 7. 
_gondil are encyste in an inactive state (Fig. 1A) 


(03) Ort gor iaction alo leads oa ine 
trond aceiaton between the commensal hac 
fia and the inestalepelium (Fig. 1B) (10) 
Moreover hactena escape the tad slate 
to the mesenteric Kamp nodes ler, and splean 
(Fg 10), We posted dha immune jgnorance 
ofthe mca may be lst ding gon 
infection a esl of actrlranshcation and 
‘paired immune regulation. 

‘Although the gut heals alte clearance of 
7 gondi thsi harbor asia high- 
er iequeney ofimterieron-j(IFN-y ) CDA Tells 
Sscompared wih hat of ave mice whereas the 
Roque onsen I7A(L-17A) expensing, 
Tells remain unchanged (Fig. ID} As ex 
pected, faction ofthese cells 10% oF CD4 T 
Eels) were: gondit-spexifie (Fig. TE). How- 
tet CDA T lls making IPN-y i response to 
nonspecific stilton fir outnambered those 
responding to 7 gon derive antigens (~4 
OF CD4 T alls implying that a proportion of 
these els may be pif a cosmetal hace 
sa Fg. 1), 

“To cicurvent the high diversity of commen- 
sal antigens, we wed a Teal repr (TCR) 
transgene mai pf a commensal drive 
Alagoa (CBiet Tp), expres by a subse oF the 


Clostridium X1Va caster of bacteria (CBir!) (fig. 
$2) (14,15), CBiel is clinically relevant bocanse 
antibodies to CBirl flagellin are associated with, 
(Crohn's disease (16), Because ofthe segregation 
imposed by the mac frwal, splenic Teel 
fiom CBirl Tg mice remuin lagely nave (fi 
3) U5). Upon transfer into: gondi-infectod 
hosts, CBirl Tg T cells proierted extensively, 
‘whereas T cells that had been transfered into 
‘uninfected hosts remained undivided (Fig.2, A 
and B), Thus, T cells specific to commensal- 
rived antigens prolife daring hetrok 
‘gous Gl infsstion 
Wenextakessed whether commensalspeiic 
‘Tells would differentiate to become elfector 
cells during Ginfeton. Afr 7 gondi infection, 
(CBirl Tg T cells on WT or Rag ~ background 
dlfferentinted toward a Ty! phenotype, as dem 
“onstrated by the expression of the canonical ra 
scription ctor Pet (Fig. 2, C and D. and fig 
$4)-On the ther hand, ovalbumin-speciic OL 
‘TCR transgenic cells that had boen transfered 
into 7 gondi-infected mice remained nave, and 
(CBirt ‘Tg T cells didnot respond to diect stim 
‘lation with 7. gondii antigens, indicating that 
(CBirl Tg T cell responses lyon cognate an- 
tigen recognition (Fig, 2, E and F. and fg. $5) 
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Fig. 2. Gl infection leads to the activation and Ty2 differentiation of 
micrbiota-speciticT calls. (A and B) 10° CBirh Tg (CD4S.1) T cells were 
labeled with carboryfluorescein dlacetatesuccinimidy ester (CFSE) and 
transferred into congenic (CDA5,2) hosts that were subsequently infected 
orally with 15 cysts of 7. gondii. At 6, 8, or 12 days after infection, 
splenocytes were isolated, and the iltion of CFSE on CBirt Ta Tells Live 
TRB Cba* CD45.1°) was assessed by means of flaw cytometry n= 3 ta-4 
mice per time point. (€) 7.5 x 10" CBirl Tg (CD45.1) T cells were 
transferred ino congenic (CD&5,2) hosts that were subsequently infected 
‘rally with 15 cysts of 7. gon. Eighteen days after infection, single-cell 
‘suspensions were prepared fram the spleen, inglN, mesLN, bone marron, 
iver, peripheral blood, sLP, intaepithelial lymphocytes, and colon and 
stained intracellular for lw cytometry. Contour plots show expression of 
(CD44 and T-bet among CBir1 Tg (Cb45.1) CDA T cells (bottom row) and 
hast D4" T cells (D) Bar graph showing the frequency af CBr Tq Teele 
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from (©) expressing CD84 (lack bar) and bet (white SE 


bars Y= B independent experiments, =3 mice. (€) © 54 4° 
7 x 10" CBich Tg (CD45.1) of OTA Tg T cells were 
transferred into congenic (CD45.2) hosts that were Fons! 


subsequently infected orally with 15 cysts of F. gondit 
(oF left naive. Eight days after infection, splenocytes were isolated and 
stained intracelulary fr flow cytometry. Flow cytometric analysis of -bet 
and Ki67 in CBir1 Tg or OT-1Tg (bottom row) and host CD44" CDA T cells 
top row) is shown. Shown isa representative example of eight separate 
‘experiments. (F) Quantification of (E). (6) Splenocyes from (E) were 
stimulated with PaAVionomycn, stained intracellularly for \FN-y and I-17, 
and analyzed by means of flow cytometry. (H) Quantifiation of (@). Data 
ate representative of three separate experiments. All flow cytometry plots 
inthis figure are gated on Lve TCR)* CDS" Foxp2-. Graphs show mean + 
SEM; P< 0.05, “P< 0,001. 
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‘Activated commensil-specific T cells produced 
IEN-y in response to ex vivo stimulation and 
‘were observed inal issues examined, indicating 
that an-commensal T ell responses ae system 
icand finetional (Fig.2,C, D.G, and H: an 
6). Taken togeter, our data show tht during GL 
infection CD$ T cell ignorance of commensal 
antigens is lost, and microbiote-specifc T cells 
respond in a manner comparable with pathogen 
specific Teel 

‘Under homeostatic conditions, the eommen- 
sal microbiota can dive the dfferetiton of Ty 
and Ty17 cells (1/, 17-21), However, CBitl Tg 
‘Teelle dl not induce the expression of IL-17A or 
the transcription factors Rort or Foxp3 during 
gon inetion (Figs. 2G and 3D), indiating 


that microbiot-specife cells are differentiating 
sccoring to signals provided by the inflamma 
‘ory milieu that are not typically presenta steady 
state. Supporting this hypotbesis, we found that 
(CBiel Ty T ces activated daring chemical dis 
ruption ofthe Gi tact by dextran sodium sulfite 
(DSS) didnot up-regulate het but instead ex 
pressed Ror (fg. $7) 

Immunological memory sa cardinal property 
ofthe adaptive immune system allowing for log 
tem protection against reinfection. During acute 
infections, Ty T cell responses persis after the 
clearance af the pathogen but slowly decay over 
time (22, 24), Whether microbiote-specific ef 
Actor T cells persist as memory cells a critical 
‘question. Assessment of Ciel Tig Teell response 
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Fig. 3. Ginfection induces E 
‘migbiot-spectic memary ‘sre 
(COA Teall (and B) 75 x 

30" Bir Ty CD45. Teale 
ere wanserted ito congenic 
(CO4S.2) hosts hat were sab 
sequently infected aval with 
35 gts oF. gondi. At the 
ays indicated, splenocytes 
(9 and si cals (8) were 
‘golated, andthe number af 
CD44 Bir TT calls lack 
squares) in each tsue was 
assessed by means of lw cytometry. Open gray cre shows the number of CD4ahi CBr. Tg T cells in 
‘nalve mice 8 days after transfer of Bir Tg T cells =1 to 8 independent experiments, n = 3 to 15 mice 
er time paint. (© Flow etomerie analysts of surace marker phenotype of wansered CB Tg T calls 
(45.2) lack tne and host CD4¢hiT els (CD48, 2) (ray shaded) at day 12 and day 35 after infection 
ibolated from the spleen. (D) Expression of transcription factors in CBieh Tq Tells (CD45. (back line) 
and host CD44hi Tells (CD4S.2) (gray shaded) at day 12 and day 35 after infection slated from the 
§peen. Histograms in (C) and (D) ate gated on Live TCRS* CDS™; data shown ie representative of three 
separate experiments. (E Flow cytometric analysis of (Bigg, FA” tetramer-binding populations from 
‘the total secondary Iymphoid sue in nave, after-day-7 7. gondi-infected and DSS-reated mice. The 
top row depicts the population bound during tetramer-spcific separation; the bottom row shoves the 
‘nonbinding column flow-through to show specific. Plats are gated on DAPI. NKLT”4iBO™ COLIC 
‘CDLIb 8220 CD3" C4", (F) Bar graph shows the percent CDAd" of CBik6a_724-A* tetramer 
binding cells in germ-free (open ccles), nave (solid circle), infected (iangles), and DSS-reated 
(squares) mice. Data from () are representative of three experiments. Graphs show mean = SEM *P < 
005, "P-<0.01. 
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revealed that the number of effector (CD44) 
(CBirt Tg Tells expanded ~10-fld fram day 6 
tothe peak ofthe antsmicrobiota response at day 
12 afer infection in both the spleen and siLP 
(ig. 3, A and B) In acordance with wht has 
‘been observed for puthogenspeific CD4 T cell 
‘responses, CBirl Tg T calls contocted afer day 
12 of infzetion Fig 3, A and B) (22.28) How 
ver, small populations of CD44" CBiet Ty T 
cells canbe identifi! fom both the spleen and 
Taina propria up 10 240 days afer infection, 
indicating that microbiotaspeciic eels gener 
ated in the context of heterologous Gi infection 
have the potential for longterm survival (Fig 3, 
‘A and). Tsl CDS T cals wih inereasd poten 
tilt survive and form memory ean be separated 
from terminally diferente cells by the charac 
teristic expression of CD27 and low expression 
of Ly6e and Thet (23-25), Stkinglycommensal- 
specific Tells langelyeiferentate to a pheno 
{ype consistent with longlived Til memory T 
cells (Fig. 3, C and D), Critealy, survival of 
‘memory CB Tg cells was nt the consequence 
cof contimous antigen exposure becanse nave 
(CBirt Ty Tells hat had been transfered ino 
‘mice 0 days aller infection with gondii not 
respond (fig. $8) In onder to cont for possible 
arcs associated with the transfer of transgene 
Tells, we examined the endogenous ant-CBirl 
flagelin response vie a major hstoeompatity 
complex ess Il maulimer (26, 27). In agree- 
‘ment with our Tell anser stirs, the majority 
‘of CBirt multimer-pesitve cell in specific 
pathogen and yermlree mice were naive 
{CD4") (ig. 3, Eand F) in eonast, 75 days 
aller Z.gondifnfzetion the majority of CBir1- 
specific cells displayed an activated (CDM) 
Phenotype, indicating tht the endogenous pop- 
lation of CBiel-spevitic cells i activated afer 
Giinfction and survives long-term as memory 
cells (Fig. 3, Eand F, and fig. $9) In accordance 
‘with sls chained wih tasted CBr TT 
cells, CD44" CBiet tetramer speifc cells ex- 
pressed lower levels of Ly6e and increased 
mounts of CD2? than did 7. gondiv- speci 
cell from the same tine point of infetion (fs. 
S10). The majority of CBirl-specitic cells was 
also activated in mice tested with DSS, 
Fighting the importance of Gi tine 
in maintenance of CDA Tell ignorance to com 
‘mensal antigens (Fig. 3, E and F). Therefore, 
commensalpeciicT cells activated during Gl 
infection survive longterm an persis in extra 
Iymphoid tissue ina manner eosistent with that 
‘of pathogen-spectic memory cells 

‘A fundamental property of memory Teells is 
te ability wo proliferate rapidly and eit efector 
faetons in response to secandary challenge. I 
deed, CBirl Tg Teells were able to rpiy make 
IEN-y and IL-2 in response to stilton with 
spite pepe 78 days afer infetion (Bi. S11). 
To test wheter persisting commensal-spciic T 
cell also maintain proliferative potential, we i= 
fected mice canying CBirl Ti, T cells then r= 
challenge the mice with CBitt peptide 35 days 
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Fig. 4. Migobitw specie memory J call ate funcional and can be rae 
{aed by Gl infetin. (A) 75 10* CBr Tg (COAST cls were ans 
fered int congenic (CO45.2) hosts that were subsequently infected ely 
with 5 ej of gan. Thity-fve days after infection wih. gon, ice 
{xyng Birt Tg Tels were injected with CBr1 pepe and iPS. Nubers 
eof CBirk Tg T all (CD45.) nthe spleen and sLP at day 35 (° memory) 
'0r 6 das after stimulation wth CBr peptide and LPS (2 efector. shown ia 
Composit of tee experiments. (B) Ether nave hosts crying 10" nave 
(Ged Tg Teal open ccs) day 35 (1° memory) 7. gon infeted mice 


Inter Before peptide challenge, CBicl Ty T cells 
‘were uniformly activated fig. $12). Memory CBiel 
‘Tg Teells proliferated afer antigen-specific chal- 
lenge and accumulated in both the splsen and 
SiLP (4 and 42-fold expansion, respectively) 
(Fig. 4A) In comparison with naive CBiel Ty, 
"Tells afer activation with peptide and lipo 
polysaccharide (LPS), memory CBic! Tg T cells 
‘maintained a significant level of expression of 
“Thet and had notably reduced expression af 
IL-7Ra (Fig, 48 and fig. $13). Therefore after 
recall, commensal-specitic memory calls have a 
phenotype distinc fom primary effectors and as- 
Sociated with their revious polarization. We next 
tested whether an established commensalspecific 
‘Tl population could be reactivated by Gl in- 
fection To addres this point, we activated naive 
(CBirl Ty Teele in vivo with peptide and LPS, 
‘waited forthe primary immune response to sub- 
sie, and then infected mice with 7 gon. See- 
‘ondary inftion induced proliferation ofa action 
‘of CBirl Ty Teells in both the sLP and spleen, 
asindicated by expesion of KisT (Fig 4C). Thus, 
‘ctvated commensspecific T cells ean poli: 
‘rte in respons to infectious rechallenge. 

The Gl tact represents & major site of ex 
posure to pathogens, and our results propose that 
these pathogenic exposures Id olng-lvedant- 
‘commensal immunity (28,29), ln support of this 
hypothesis, healthy human serum contains ant 
hos specific to the intestinal microbiota (30). 
Becatse of the abundance of commensal antic 
zens a fraction ofthe memory CD4 T cell pop- 
‘lation induced in response to GI infection is 
likly composed of various eommensal-spscifc 
‘ones that together may consitle a substantia 
population. Further, cur results suggest tht pri- 
mary immune responses to Gl infections occa in 
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the context ofbroader secondary responses gains 
commensal, Several genes involved in ssn 
ing the intestinal baie and CDS function have 
been associated with IBD. and inthe context of 
such mutations regulation of activated commensal- 
specific T cells could be jeopantized, lending to 
‘mmunopathology (7) Indeed. Gl baer dysfunc 
tion and infection have been shown to synergize 
to induce IBD (31), Because bacteria colonize 
all pathogen entryways, such as the skin, ung, 
and Gl tract, our findings raise the question, 
fof whether immunity and iflammation at bar 
Fier sitesi generally controlled by responses to 
‘commensal 
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These fcr accated wit Eabity Go abrance 
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ioe sel Ge sneer lg Win 
Walscry ay esenec tr Mor Michele Cham 
West mrc6iipteadu, The Unvyny of Psa 
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‘ORGANIC AND BIOLOGICAL CHEMISTRY 
Dartmouth College 

Appts ate ited foe oo Een poles 
stn Jly 2013, one the toned ASSOCIATE 
te FULL PROFESSOR lhe sal ne atthe sak 
NEASSISTANT PROFESSOR The Cierny De 
pete ck ator deed Who ha aed 
Feeds nna rcngrsed roar proran 
Srathc erpanc chet, ope 3 an a. 
pact Ridopied chewey brody dele, bo 
of hoe eseath tert wil complet ee af 
‘te cape cub. and wh Wil elt acting ix 
te undergratat a PD cam. We pa 
tdny scl ccs wa wl ep ead at, ar 
frre calaborte arch gps ba ae 
mand eke Dato cacy, 
‘acl hin at Danoat's Goel Sc of Med 
‘She Non Coto Caner Central Thar Sh 
of Eigrtng: Cannes wil Be capt wo tse 
fscoductry ad atbanced undergafiste ces 
spn chinty o Bachna well spre 
‘Skies i dhe ect of seand Append 
Sabie cnt eae, 2 dscopon thar caren 
esearch nding (where apo) an He pi 
Sula sotemet of ter tung need ld 
See for tce resend eer be ab 
‘ted Al faa and aps wall be tet 
‘Seiecaely- Appin tea ul be epee 
Stade PF af wees tp ela reo 
‘tay che. Thc Conunee tal eet coe 
Enopled sppcte on Gobet 1 ith at are 


POSITIONS OPEN 

[ASSISTANT PROFESSOR he Deparnen of 
clog t Dette ies pases Sra 
tenuneack postin begining fl 2018. Pu) 
Sra; sais etc or xclence i es 
T's place mescarch wourasnvbang under 
radu are nena Ares pecan Win 
{EE rund age of ploy oF ncurpticgy 
opens Teahng rapeeaialtes Ince Scalar 
‘tunes eel cas a her Cel fe 
ates logy or Hele Elson core ap 
Af wiih coune on your ever ker, aid aan 
oun sn ag Neopia, and New 
Sconce The ecg lndishne coun per ear, th 
fe crue ne coer ad ta ee Bc tra 
Seer (nc cme han a bento ciepne and 
Sppel at 24 seadese 

‘Benson Uren maces and mtn kd, 
resdentia! Ubon ans college losted in. Gramle 
‘lat 25 sles ar af the Colones entopabran 
‘ees (popultion T su ome a Thc Ob ise 
Taser) Ne ase comiuted m fatriy a ar 
‘Lmcally deneurllydiere farly od sna 
‘iy Parasol terion sd Yor aoa 
ery at Dew, pene or Dasa Ce 
(ecu kg dein a afc prevent? 
Sheinpallcso1y 
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‘elon at webs rn employments, 
Siege a ener lew abteaog te ene 
Texhing at smal undergrads eae, Hal 
tes cles: scare statement (1) tea pl 
Teplice ner ae trp 2d (3) 
Post fo fet ead pore vey ng, Go 
aden, aly and communis cers se 
Sep ol ancy arate lunar ad 
the samc eml aki, ga texphone numbers 
af re wiccnen, Rojew of elcions vl bag 
‘Gctaber 12,2013 and contaue nat the pontion 
Mie 


ASSISTANT PROFESSOK/ASSISTANT 
‘Ghratoe = Idtiyslogy 

Tenure ack jus postion i Ecology a Ev 
ny Biko 50) andthe Baader esate 
(St) wi eae cxpere memati, ner 
Sy of Babe The mc eontnlae wil  caperted 
te cola at cal fred roach geege, 
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irs Ph Ds ansppropte dpe caper 
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fas coatbute o four ha cpu wae step 
The (1) Statins te Pance.Poweras the Word 
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e/g thane oy 


POSTDOCTORAL FELLOW 
‘Teautational Prostate Cancer 

A poser ponte sp mccai ufabanced 
prone casey (PNAS 108/88) 13738, 2011) aa 
TNCs the Lbnestory of De, Nia Sharif a UT 
Seunbneser (webinar, 
‘naib ines nd) Tan pt supped 
fy" HEIM and NIFC all pronide a muldact 
diss expomme to tuner tector, cooler 
Tcl) and clic tien The cant sold 
tive a Ecce in toler Big, neal, 
tr cancer blog std seh thee cara ese 
Sod tree refertioe to etals bemomcresearch 
‘Stoutiwener edu, 
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Investigators, Ser 


The Baylor Institute for Immunology Research (BIIR) in Dallas, TX has a mission to translate 
discoveries in immunology from the laboratory into patient care. Established in 1996, BIIR 
currently has over 150 members and includes advanced core facilities such as genomics, flow 
cytometry, confocal microscopy, hybridoma, humanized mice, and a cGMP laboratory. BIIR is 
‘a world leader in translational immunology research, including the areas of dendritc-cel-based 
cancer vaccines, autoimmunity and infectious diseases. BIIR has over $16 million funding 
annually from NIH, CPRIT, the French research agency (INSERM/ANRS), industry and private 
foundations. BIIR algo has very strong support from the Baylor Health Care System, 


Baylor recently recruited Yong-Jun Liu, MD, PhD, as the BIIR Director as well as the Vice 
President and Chief Scientific Officer for Baylor Research Institute. Under this new leadership 
and direction, BIIR is expanding several of its research programs. 


POSITIONS AVAILABLE 


r Scientists, Post Docs & Research Assistants 


We are recruiting Faculty at all levels for the following areas: 


* Autoimmunity & Inflammation 

* Cancer Immunology 

* Molecular Immunology 

*Transplant Immunology (Center Director Position also avallable) 


We also have open positions in our newly established Therapeutic Development Team: 


* Senior Scientist in therapeutic antibody proof-of-concept validation studies 

* Senior ScientisResearch Associate in animal models of autoimmune and 
Inflammatory diseases 

* Senior Scientist who is a Biochemist/ Protein Conjugation Chemist with experience in 
‘chemical conjugation of proteins (antibodies) 

* Senior Scientist/Research Associate in animal models of cancer 


Post Doctoral Fellowships in all areas are also available. 


For more information on BIIR, please visit our 


website: 


Apply online at 
or contact at 
s ( 7 .edu or : 


Immunology Research 
BevlorReveurch aaiate 


‘lence Careers 


a 


Head of Proteomics Core Facility > 


Institut Pasteur 


‘The nati Pasteur opens temred Research Engineer position orn the endo i pteomics 
<n facility. This fulity pat of the Prteopoe and we atached yo a rece created Strata 
Macs Spectrometry and Proteomics Research Unit headed by Dru Charl Rooke. 


The candidate wil 
‘Manage an advanced proteome group 
Devcl a wide range of Services base on cobust procedures 
Collsorae withthe teams on the Pasteur carmpus and chewhere 
Sport and tain a-house scientists 

2pm for grants for equipment 

2 Cnehate etiology developmen tog 


Requitd qualifications, experience ad kills 
PRD tn mass specuomet,anlyial biochemist or relat teas 


© Extensive practical experience in protcoaues iealy ana eore filiy) 
Experience inthe feld of quaniative and qualiatve mass specworicty icing sample 


reparation, analeies, dita rocessing ad evaluation 
= Excellent eneronal, writen and verbal eoramunicaion kills 


Fluency in teading atl speaking English and god level in French 
Sueceatul intedscipliny collaborations 


Experience ia gant seuistion and projet management 
We offer 


‘The possibility to work on interesting sienie project in an inematonal and exciting 


= Tenure postion 
Stao-the-ar instunentation 


Deadline fo applications: 30 November 2012 


Applications should be seo proteopositon a pasteurf and should comprise the Following in 


‘ts ina sage pa i: 
Te Abie inotny leer 
2 ‘ACumiculm Vita ad fl publication tis. 


A scription Of past aid pent activites, experience and kills (upto & pa 


‘acing 
For ov infrmution please conc Sulla Chamat-Reoke (ula cha 


ter wit he Unit and ther groups 


ku pasteues) 


RESEARCH INSTITUTE 


Faculty Position in Stem Cell Biology 
‘The Chitaren’s Research lstitute (CRI) a 


the Unversity of Terar Southwestern Medi 
‘al Centerin Dalla TX seek plications for 
Senaretrack facuty position inthe area of 
‘stem el iology- Outstanding ivesSuatrs at 
ny rank wil be considered. Candidates ust 
havea PRD. MLD. or equivalent dagres and 
the ability to dist an independently funded 
‘eseach rogram exploring ay aspect of tem) 
cell biology 

‘The UFSouthwestrm Medial Center has a 
long and distinguished history of excellence 
i disease-related base science research The 
CRU sa new stints reeuing outstanding 
individuals dedicated to solving fundamental 
robloms in bislogy and disease The Cl isa 
“ynami stimulating, and highly collaborative 
Selene envionment. Major ateas of focus 
‘within the CRI wil nlude stem cell biology 
tee biology, and metabols, 


Please submit 3 CY, a 2-page summary of 
pat accomplishments and tesearch plans 
hd ask thee references to submit Letters 
by November 1, 2012 10 CRIAppleants@ 
‘southwestern 


LUT Southwestern on Equal Opportanty 


Afirmatve Acton Employer: 


Pespanesengue ™ 
Institut Pasteur 


‘The niu Pasteur in Parc announces an ntratonal cal for outstanding 
candidates for tenure-track postions at bah junior and sive level, 
‘order to enablish independent research prope within the Depart 
fof Newoscince. The eanddats will develop research programs on 
findanenal and clinial-relted aspects of neuroscience 


Applications fo the positon of group leader wil be asepted before 31 
December 2012. and willbe evaluate onthe basis scientific excellence 
sd oniplemeniaritis with existing researe yols of the departs 


Frjunir postions. an tative start-up package wll include the salty 
forthe group lead athee-yeat postdoctoral postin, technician, pat 
time seeetralesistance a substan eontbuton to running ost and 
guipment and access to ox-eanpus flies including state-of the-art 
Technology platforms. Fr seaie poston, the startup package will be 
discussed 


‘The application should compris the following in orden a single pat 

fis 

1 Atieinroductory let. 

2 AcCumiculum Vite and ul publication ti 

3. Adesriion of past and resent esearch atts (4S pages with 
1S spacing 

4. The proposed research projet (8-10 pases with LS spacing). 

S Thetumescf3 sion rom whom eters of recommendation ean 
besought 


Applications and requests for information should be addressed to 
‘europositionsapatteurdr. Further information on Institute and 
‘on-campus facie can be found on the we site bap: wwwapstent, 
ff. Shortsted candidates willbe invited for iferview inex 2013 and 
secisions wil be announced by Sige 2013 


W ReseARcH GROUPS IN 
PARASITOLOGY AND 


Institut Pasteur MYCOLOGY 


‘The ast Pasteur in Paris announces an international cll fr ousting 
andiats fo establish independent research groups a al levels ithe 
Department of Parsitology and Mycology and to develop research 
propane on pahogenie eukaryote microorganisms (parasites or fai) 
Ende teiriteet vectors 


Applications forthe position of group leader wil be secepted before 31 
‘December 2012, and willbe evaluated onthe bai of seen exeelence 
snd camplemetanity wih existing esearch goals ofthe deparanent 


Anaaetvesta-up package wil inlue he ary forthe group leader 
1 three yeur postdoctoral positon, a technician, pur-ie seerelarial 
‘sistance, a substantial conti 10 running ees an equipment, 
td cers o onreanpus flit Including tooth technolo 
plaoems 


‘The aplication shoud comprise the lowing (in nde) in a single pa 

fi 

LA tie inoduetory late 

2 ACummculum Vita and a ul publication ti. 

3. Adesrpion of past and present esearch activities (4-8 page with 
1S spacing 

The proposed research proce (810 pages with L5 spacing 

‘The aes of 3 scents from whom ltrs of recommendation 

can be sought, togeber with the names of scientists with 

‘fetal onic of intrest fom whom evaluations sould ot be 

fequstd 


Applications and requests for information should be addressed ta 
paramycopositionsa pastew-tr. Further information on Insite and 
fn-canpus facilis ean be found onthe web site tps wwn.pasteu. 
ff, Shree cant il ive for inerview inealy 3013 ad 
lessons wil be announce by Sune 2013, 


Institut Pasteur 


Call for Candidates to head 5-year groups in the 
Institut Pasteur in Microbiology and Virology 


To strengthen its basic research in microbiology, and to 
improve its preparedness to respond ta newly emerging 
infectious agents, Institut Pasteur ealls for applications 
by outstanding young microbiologists to head Young 
Investigators Groups called Five Year Groups (GS), 

The nominees will join the Laboratory of Excellence (LabEs) 
programme called, "Integrative Biology of Emerging 
Infectious Diseases" (IBEID)(http://www.pasteur.fe/ 
labexlibeid). They will benefit from the cutting edge 
intcrdisciplinary environment provided bythe Institut Pasteur 
in Paris and by the LabES. 


Examples of subject priorities in microbiology include 
molecular mechanisins of resistance to antibiotic, regulatory 
mechanisms of gene expression in bacteria, and mechanisms 
fof homeostasis and communication in complex microbial 
communities In virology, priority will be given to projects 
auddressing viruses with strong potential for emergence, such 
as arbovirus, 

However, all aspects of microbiology and virology will be 
considered, and outstanding candidates with an ambitious 
and original basic research project are strongly encouraged 
tooapply. 


Thedeadline for applications is December 15th, 2012, Short- 
Fisted candidates will he called fr interview in January 2013 
and decisions will be announced by March 30. 


General conditions and applications, Candidates must 
have defended their PhD thesis after November 30, 2004, 
Successful candidates will be appointed as head of group 
ff upto 6 people fora perio ofS years. The budget includes 


the salary for the group leader (if necessary), a three-year 
postdoctoral position, a technician, part-time secretarial 
assistance, basic laboratory equipment, a substantial 
contribution to running costs and essential large equipment, 


and access to on-campus facilities inchuding state-of-the 
technology platforms, 


Candidates should send their formal applications by E-mail 
to the Director of Scientific Evaluation, Prof. Alain Israél, 
at the Institut Pasteur (25, rue du Dr. Rows, 78724 Paris, 
France: gSibeid@pasteurtr, 


The Application shall comprise the following (in order) in 
single pile 

1A brief introductory letter (candidates are encouraged 
te contact the coordinators of the LabEx, Pascale Cossart 
(pascale.cossarti@ pasteur.fr) or Philippe Sansonetti 
(philippesansonettia@ pasteur.fe)) 

2. ACurriculum Vitae an full publication list. 

5. A description of past and present research activities (up to 
5 pages with 1.5 spacing) 

4, The proposed research project (up to 10 pages with 1.$ 
spacing) and how it would fit inthe defined topic 

5. The names of 3 scientists from whom letters of 
recommendation can be sought, together with the names 
of scientists with a potential conflict of interest from whom 
evaluations should not be requested. 


Faculty Position for Basic 
or Clinician Scientist as 
Assistant, Associate or 

Full Professor 
Department of Ophthalmology 


The UCSF Department of Opthalmology, in conjunction 
with the UCSF Blomedical Sciences Program and the 
Neuroscience Program, is ntatng a search for research 
facully at the Assistant, Associate, or Full Professor 
rank. Areas of interest include, but are not limited 
to, immunology, cell & molecular biology, genetics, 
neuroscience, and regenerative medicine, Candidates 
pursuing basic and dlsease-oriented translational 
researc with relevance to vision-threatening conditions 
willbe expected to develop a substantial research program 
capable of obtaining independent, external funding and to 
capitalize on the colaboratve research environment at 
UCSF. Responsiblites include participation in graduate 
student, medical student, resident, and fallow teaching 
as appropriate, 
Requirements: PhO and/ or MD, at least 2 years of 
postdoctoral experience, and evidence of high quality 
independent research. Candidates whose research 
program wilforgestrong tes tobasic science departments 
on campus are specifically encouraged to apply. Housing 
assistance is avalable 
Interested applicants should send a single af fle with a 
cover letter, CY, research plan (2 pagas max), and a least 
three letters of recommendation (or names of references) 
by December 15th, 2012 to 

job@vision.uest.edu 
‘Address letters to Jacque Duncan, MO, and David 
Sretavan, MD, PhO, Search Committee Co-Chairs, 

UCSF seeks candidates whose experience, teaching, 
research, or community service has prepared them to 
‘contribute to aur commitment to diversity 
and excellence, 

UCSF is an affirmative action/equal opportunity 
‘employer. The University undertakes affmative action to 
assure equal employment opportunity for underutiized 
‘minorities and women, for persons with asabiltes, 
and for covered veterans. All qualified applicants are 
encouraged to apply, including minorities and women. 


motial Sloan-Kewering 


‘TENURE TRACK FACULTY POSITION 
Cancer Pharmacology or Drug Discovery 


‘plead aero ay apn Pe ot 


FACULTY POSITION 
IN 
BIOCHEMISTRY. 


Applications fora ture-line faculty positon (preferably at the 
Asistnt or Associate Professor love) applying NMIR to biological 
problems are invited by the Departneat of Biochemistry and Schoo 
Oot Medicine the University of Missouri in Columbia, Weencourage 
individuals applying NMR to biological questions in many areas 
including, bu not limited to metabolomice of disease, membrane 
reins, intnscally disordered proteins, protein complexes, solids 
fd Hess, and biophysical enzymology The Bruker 800, 300, and 
‘Varin 00 MHz spectrometers availble on campus are each supped 
witha cryogenic probe. Also available on campus are Bruker Avance 
IMLTT micro-MRI and Siemens Trio 3 MRI ystems capable of v0 
spectroscopy The University is aod for iterdisespinryrescarch 
in life sciences, including biophysical aeas. Position qualia 
includea Ph.D. or M.D. inbiochemistry, biophysies alt 
snd postdoctoral experience, The success applicant will develop 
‘redatiuc an oubtanding, indepeadealy funded research program 
nd contnbute 1 departmental caching activities. 


ge description ofcurent and planned research; and (3) 
‘he names and contact infimation of tee references, Please use the 
Job Opening Number 8837. Application view wil eyin Oetober 
23012, 


Me 


EEQUA/ADA Employer ond encourages applications 
‘wamen and minorter For-ADA acommonatons, contact 
ou Haman Resource Services (975) a82-7076 


RESEARCH INSTITUTE 


Faculty Position in Metabolism Research 


‘The Children’s Research Instiute (CRI) a the Unversity of Tesas- 
Southwestern Medical Center in Dallas, TX seks applications fora 
tenureack faclty position In the area of metabolism and disease 
(Outstanding ivestiguos at any rank wil be considered. Candidates must 
havea PAD. MLD. or eqlvalon degrees ante ablty to diet indepen 
denly-findedreseaich programs, Area of specific inte include analysts 
‘of metal a the celular level including metubolne, metabolic 
ux nasi. metabolic imaging and mitochon biology In dion to 
sult! equipment dicated othe investigators studies, CREmmembers 
wills have access ta metabolontes core with nple-quadrupoe mass 
Spectometry and gas chromafogaphyiass spectrometry, NMI spe 
Hoscopy,""C dynamic miler polarization, a human Tesla MRL and 3 
Sisto the-artmouse metabolic phenoyping fait te also syllable on 
‘ampas o provide an unparalleled bead of metabolic analysis 
The UT-Southwester Medical Cntr has along an distinguished history 
exeslence n dlcase elated basi science rexeach: The CRI i ae 
inet recruing outstanding individuals dedicated a salving fundamen 
talproblemsia biology and disease. The CRI is 
gh culaborative sie envuoamcnt Major ares o fous within the 
‘CRI Wil include som cll iolouy cance biology, and metabolism, 


dyna, tin 


and 


Please submit a CV, 2 2-page summaty of past acomplihmsents and 
rescrch plans and ase eeereees subtler by Nevember 1 
2012 o CRIApplcants@ usouthwesternedu 


UT Southvente 


in Equal OppornlyAfirmative Action Emplayer 


DANA-FARBER 


Instructor, Assistant or 
Associate Professor of Medicine 


Gastrointestinal Cancer 


Polo eve Chen wit tena sei Ao, sed 
Libary scare prog tore on Gesotstinal Cae hosed 
ove pec stags Spans ust hate at MD andor 


Insitute oa NCLaaigated Cae 


tora 


MBDICALSCHOOL 


BRIGLAM AND 


Founded in 1811, The University of Hong Kong is committed to 
the highest international standards of excellence nfeaching and 
‘esearch, an has been at he ntemationaforetran of academic 
‘Scholarship for many years. The Unvveraty has a comprehensive 
Fange of study programmes and research alscipines spread 
frase 10 faculties and about 100 sub-cvisione of studies and 
Fearing. There are ver 23,400 undergraduate and postgraduate 
Students coming from 0 courivies, and more than 1,800 
‘members academe and academic related stat, many of am 
4 Inlerationally renowned. 


Post-doctoral Fellowships 
and Research Assistant Professorships 


Applications are invited far a number of postions as Post 
doctoral Fellow (PDF) and Research Assistant Professor (RAP) 
fat the University of Hong Kong, on of before July 31, 2013. 
‘Appointments wil be made fora period of? ta 3 years, 


PDF and RAP posts are created specifically to bring new impetus 
land vigour tothe University's research enterprise. Pasitons are 
‘vallable from time to time to meet the strategie research neds 
Identifedby the Universty. Postions are avalabls inte folowing 
Facuties/Departments/Schools/Cenires: 


+ Shao of Chinese + Research Cant of Hear, ain 
Schoo of Macs Languages "Hormone and Healy Aging 
‘ne Cultures Cntr of ifuanza Research 
‘schoo of Business Medicine 
Focuty af Dentistry Pharmacology and Phamacy 
Faculty af Education Physiology 
Comte Science Pruble Health Research Catre 
‘Bctcal and Electronic Centre or Reproduction, 
Engineering Development and Growth 
Inout nd Manufacturing + Surgery 
Systeme Engineering Chemisty 
Mechanical Engineering School of Biological Sconces 
Professional Legal Education Payehology 
CCenirefor Cancer Research The State Key Laborato of 
Bran and Cogntive Scarce 
Post-doctoral Fellows 
PDFs are expactad To devote full-time to research. Applicants 
should be doctoral dagree holders having undertaken anginal 
esearch that has contbuted to the body of Knovedge. A 
Fighiy competive salary commensurate wih qualifications and 
xperence wil be offered. Annual leave and medical benefits 
‘aleo be availabe. 


Research Assistant Professors 
‘The main Tocus of an AAP's duty is research. RAPS can 
however be assigned some teaching duties, up ta S0% of the 
hormal teaching load. Applicants should be research active and 
ave a proven publication record. A hight) competitive salary 
‘Commensurate wth qualcations and expenanee wil be offered, 
with a contractand gratuty and Universly contvbution to a 
Tatiremant benefits scheme (otling up to 183% of base ealary), 
‘Annual aave, and machoal/denta benefits wil also be offered. 

Procedures 

Prospective applicants are invited to visit our webpage at 
hip iobe nuh to view the lst ofthe Facuties/Departments’ 
‘Schools/Gentres and thelr research areas for when POF/RAP 
jostions are curren availabe, Before preparing an appsleatn, 
{hey should contact the Head ofthe appraprate academic unk 
to ascertan that ther research expertise matches the search 
area for which a vacant POPIRAP past avaliable, 

Applicants must submit a complete Univer application frm, 
‘uhich should clearly stale which position te fo 
nd in unieh academe Glcipines-They Sud ao orcs 
{Grtner information suchas detals of tet research experience, 
publeations, research proposals ste 


‘Application forms (3941/1111) can be obtained at 
Aib:/fwww.hkucnk/spplunit/torm-ext-doe. Further 
Bariclar can be obtained a ht//obs kui. Clones 
Setober 20,2012. The Universiy thanks applcams Tor 
‘ane erst a 


.dvises that only shorlisted applicants 
ill be notifed of the application result. 


Teer su party poe sis commits No Sng Ploy 


am A 


Positions in the Faculty of 
Health Sciences 


‘As Dagship higher education istiution in Macao, the Univesity of 
‘Macau is progressing rapidly with suategio initaives including 
‘constuction ofa ne campus with SOF buldings abd mote than 
LUSDIOB tveeiment, development ofthe largest Residential College 
‘lem in Aa, and eablihment of anew Fay of Hell Scenes, 


“The Faculty of Health iene 
The new Fal of Heals Senet ams atprovting exellent raion 
programs, performing outtanding feteateh, nd delivering deicaed 
Services tthe community Is patcla, the new Faculty plans to set 
upa numberof research caters dedicated but tinted to research 
sxeasin aging, biotechuology, cance, development biology, infections 
“besae,elabolism, molerlarmedrne, netodegeneaie doses, 
preventive medicine, public health, an ayems ology te 


The University of Macat: now invites applications in thoes 
areat in the Faculty of Health Sciences ranging from 
Chais/Distinguished Full/Associate/ Assistant Professors 
Ditectors Managers for Core Facilities, Sub-team Leadet, 
Administration Officers/Senior Administration Officer, 
Instructors(Senior Instructors, Postdoctoral Fellows to 
Biologists/Technicians. Subject to negotiation, incumbents may 
also be concurrently appointed to oer lenerehip positions i the 
Faculy, ch as Associate Dean, Center Director, depending onthe 
uaifiestion of eandidates and nec ofthe Pact 


Position spd Remuneration 
‘Remuneration and appoistnee ank offered willbe competitive and 
‘commensurate withthe suecessfl applicants academe qualification 
and professional experience. The cureat loal maximum income tx 
rate 1%, we afer various dzereionaryexempiions the effec 
income ax rate ha ben around 5% = 77, English the Unversity’ 
working language. 


Application Procedure 
‘Appietion should ined a cover eter iiaing postion itere td, 
a brief statement of vescarch intrest (cequted for independent 
professorship poston), and cuteatcuriculum wa ia Hoglsh Review 
‘of epplications will commence on Octobe 5, 2012 and continue until 
‘he postions are filled. Applicanis should vst th University webste 
upe/wwnsumsc molvacancy (or more deal snd apply online x 


ipr/irwamae movreeraioment (Ref No. FS/ARUOS/2012) For 
Fnguiry, pleae contact 


Human Resourcer Ofce 


mac moiecriiment; mal vacancy mac sno 
“el +858 83978595 or +855 5377550; Fan: 458197 S04 


‘The effective postion and ralary index ae subject othe Personnel 
Statute ofthe University of Macau in fore. The University of Macau 
vere the right not to appoint any candidate in any category 
Apicnts wth ess qualification and experience 
‘an be ofeedloer postions under special ercumstances, 


Prana ate prosided by epics wl be het confide and wed 
“or oecrtment pupae oa 


Anorexia 
EL pr ei 


‘lence Careers 


Foundation Fellow Positions 


in Biochemistry and 
Molecular Cell 


SCHOOL OF 
Life Sciences 


Faculty Position in Bioenergy-Related Synthetic Biology 
at Arizona State University ~ Tempe, AZ 

The College of Sciance and. Matharatis.al 
Kennesaw Sale Univers Invites apleations 
for two senior Foundaian Felow postions: 
Resadite Professor et Blochemsty in the 
Department ot Chemistry an Bochemistry, and 
Associate Professor of Molecular Cel siology In 
the Oppartent of Bolgy and Physic. Maly 
‘alted candidates wile conscered or bing 


The School of Life Sciences at Arizona State University invites applications for tenure-track 
faculty postion athe level of Assistant Professor in te rea of Syihetic Biology / Metabolic 
Enginceing related 1 Biooaeny. We encourage aplieations fom) oultanding candidates who 
emplay an lnegrfed and innovative appench to generate ew or recombined meaboist i 
frganisns tht may lead to, for exaple useful products or fuels made fom sunlight, CO,, andor 
‘her readily available compounds. Candidates employing metabolite and metabolic fax analysis, 
‘omic appaches, binaormaties, genetic ensinerag. andr tle apjoaches ae prefered 
Candidates with clear potential to develop 4 ston. exranurallyTunded, independent research | | rte level of eralessor, Return a ay 
gram, each a the undergraduate and graduate levels, and eve pradate and undergraduate | | gamed doctorate an appropate dist pine 
Shudoas and pesdoes wil be given preference. A competive tap package and teaching oad | | and a demonstrated recors. of significant 
ompatble with high esearch productivity willbe provided. fesearch activity and. exteral tundog 

Sucoesstl candidates wit assume leadersis 
roles nor research corny an paripate 
In our MS and undergraduate programs 


Far a completa descrition of postions, goto 
Htp:/www kennesaw. edu/tarultypositons. 
Fro” guarantee consigeration, application 
aes shuld be raced by October 2,207, 
Suomi leer describing qultcations for he 
poston, 2 statement of teaching pritosophy, a 
Eatement of researen interests eutao 
Eurculum wae, grace ‘vanscrips, andthe 
ames, adcresseslelaphane number, 2 
fall aearesees of three references’ tothe 


areers 


‘dence C 


Avizona State University as a vibvant, intcsciplinary research and education community in 
the area of volar ergy conversion and utlizaton The succesful candidate wll become pat of 
this wapsdsesplinry community that i organized at several levels, ineludig the Bioenergy ahd 
Phocosyese Center (htp!bloenerg\ sued) and LighiWorks (asulightworks.com) 


Candidates nst ave a PD. (or equivalent in biology, bischemisr,eagincering, oF related 
fel A record of accomplishment tht strate tong prepatednes or etablshing aa excelent 
independent research pogram in the aea ofthe search is dsied, slong with eaching experience. 
To apply, send a cover let, your cuiculum vitae, tee representative publications contact 
Information for at Teast thos efeences, ad sepaate statements of Tate research pans abd 
fetching philosopbylntrsts in a single pdf fle to slsfacultysearchdaaruced, The inl 

losing date for roceipt of upplcaions is Ottober 28 2012, apications wil be evewed weckly 


"erator nti the seach s lose. A background check is equived for employment. For addtional |_| | propre search commits cha deco 
Information oa the School of Life Sciences, pleas vs itp /saleasu.eda inthe Tul descripton at postions. 
Arima State Unversity Ex Oppornlyemative Action Employer commited to Keneay State Universiti an aimatie 


schonfequal spportunty employer and educator 


tcellonce ru vers We expecially encourage 
‘Georgia's an Opa Records State 


et nd norte to apps 


Distinguished Scientific Research Opportunity 
Early Career Faculty Position 


G2 COLUMBIA UNIVERSITY 
IN THE CITY OF NEW YORK 


‘The Genomics Division at Lawrence derkslay National 
Uaboratory invites applications trom early career scientists 
far a Divisional Feiow position at the DOE Join Genome 
Institute JG, vewwjgl.doe-gou). Ths postion Te equivalent 
te a tenureirack faculty poation ata university and. 
Sppropeate fr scientists vath @ PhD. or MD. degree wha 
have demonstrated outstanding promise and eveative ability 
during their post-doctoral or equlvalnt training. Divisional 
Follows are appointed toa five-year term and are considered 


‘Tha Department of Neurosciance st Columbia Universi ur 
ray racruting faculty inthe neurasciences, with a primary emphasis 
onthree research areas (cognitive and/or motor rocessesin 


awake, nonhuman primates; (2) inking neural circuitry and behavior in 
‘genetical tractable mammalian syst; and (3) molecular, callr, 
hdr developmental neuroscience. Ina caverletr, leace direct 
Your appieation o one ofthese tees research areas. exceptional 
Circumstances, wa wl alsa consider applications in areas mare ds 
tant elated a these thee primary esearch themes. We encourage 
applieabans a al lvels of serirsy rom assistant tl prafassar 

Colunbia Univarstyhas an exceptionally strong and broad pro 
ram inthe neurosciences and aimsta anhance interactions between 
basic and clinical research andtolink the neurosciences with wide 
range of ther disciplines within the University. Naw facut wal 
affliated with the Department cf Neuroscience, withthe Doctoral 
Program in Neurabilogy and Behavior, and wih analy established 
‘Mind Bran Behavior Intute. nadon, there are numerous oppor 
‘units for interaction with ther stienfic departments and programs 
atthe Medical Center and Morningside Heghs campures 

The aplication deadline is Noverber 3, 212 Plessa submit 
spplicavonsonine at ts/academicias columbia eduapplicants) 
Cental?quickFind-S6788 and include a caver eter, curculim ve, 
and. statement of research interests. nation, please arange for 
tras relerences a submit eter af rezommendation, 


far accelerated promotion to Saniot Selamist status at the 
{nd of this term. We are specially seeking individuals to 
lrect a researen program that apliae cutting-edge methods 
in funetlanal genomics, synthetic Biology tnd/ar genome 
Informatics io°the areis Of plant, fungal, micrablay and 
mmetagenomie sence 


‘The JGI is large-scale genome sciences facility with an 
Emphasis ‘on toples related to energy and environmental 
isaues, The selected individual is expected to develop. a 
Strong independent researcn program. In addition they will 
Rave the opportunity to participate in large multiseiptinr 
Taseareh pragrams icolfavaretion win sents throughout 
the JGI, LBNL, and the neighboring University of Califa, 
Berkelay campus 


Fora detailed postion description and intractions 
Tegarding how to apply, please vst wwrI3. gov 
access the careers page and reference jab number 73074 
‘submit CV, summary of feseateh intrest, 
thd references to Eddy Rubin, 1G Director 
la recruiter Bil Cannan: WACannan@lbl gov. AAEEO 


‘Virginia Tech Carilion 


| RESEARCH INSTITUTE 


Faculty Position in Infectious Disease, Immunity and/or Inflammation 


‘The Vagina Tech Carlion Research Insitute (VTCRI) in Roanoke, Virginia (htp:/research-vtevLedul) is recruiting a faculty member who 
‘works in the urea of infectious disease, immunity andor inflammation. The position may be filed atthe tenured, tenure tack or non-teaure 
tack level as an Assistant, Associate r fll Professor. as appropriate The Postion isa 12 mont apponimeat with primary emphasis an 
research, The succesful candidate will have a PLD., MLD. of MD/PhD. Estublished investigators with strong innovative research programs 
fnd extramural funding ae encouraged to apply alitoagh promising junior candidates willbe considered. Sur-up packages, facies and 
Support are highly competitive. The successul candidate will interact withthe molecular virology, cancer biology. developmental molecular 
genetics, and euobiology research teams atthe VTCRI as well ay with an accomplished group of infectious disease, immunity and 
{nlammation research teams in Biology, Biomedical Engincering and Sciences, and Veterinary Medicine at Virginia Tech 

‘The VICRI opened i the summer of 2010 and currently has 20 faculty research team leaders in structural biology, molecular and neurobiology, 
molecular viology, tumor biology and genetics, cardiac and regenerative medicine, The Institute has state-olihe-at faites in molecular 
thology; cell culture, optical imaging, high fii cry electron microscopy. magnetic resonance imaging, eletrophysiology, computational and 
high capacity data analysis/storage anda new vivarium, as well as access 19 patient populations and samples with our colleagues in the 
{infectious disease program at Caron Clini. During this pri of major growth ofthe new institute, we ate capecaly interested i colleagce 
‘whe enjoy a highly collaborative environment and iniracing with ivestgators from their own, as Wella eer disciplines including those 
‘working at molecular cellular, systems and computational levels with animal models of human disease andlor humans. Investigators using 
molecular genetic, structural biology, mictahiome andor computational approaches io study the meshanisms and/or pathogenesis of human 
disease or animal models of infectious disease, the innate or adaptive immune response andr inflammatory processes in response to infection 
sre encouraged to apply 

‘The VICRI is immediately adjacent to the Carton clinic and hospital and the new VTC School of Medicine where ll medical students earry 
‘ut four year research projets. The Institute has tong collaborative ties with the Virginia Bioinformatics Inte (V1 andthe School of 
Biomedical Engineering and Sciences (SHES) at Virgina Tech (VT), as well ax withthe VI Departments of Biological Sciences, Biochemisty, 
Physics, Prychology and the College of Veterinary Medicine, The esearch institute and medical school ae located in the picturesque Rounoke 
Valley midvay between Washington, DC and Charote, NC 

Interested and competitive candidates shou senda cover ltr, thei full CV, statement of research plas, and the names, fll addresses and 
email addresses of the references tothe attention of: IDH faeuliy posiion-Vi'CRI at secastle@vte-vedu before November 2012. as well 
posting theve materiale on the Vigsinia ‘Tech jobsite at Mtpelistingsjobs.t.dulapplicants(Central?quickFind196048. The tee 
Support eters should be addressed 19 Michael J. Friedlander, PhD., Exceutive Director, VICRI and set by emal direc from the referees 
{o Ms, Sarah Castle at secastle@vtevt.edu indicating IDM Position 


Virginia Tech isan Equal Opportuniy/Afirmative Acton Intation 


> Pavan nanis WERNER REICHARDT CENTRE 
UNIVERSITAT FOR INTEGRATIVE NEUROSCIENCE 
TEIBINGEN 
RESEARCH INSTITUTE Junior Research Group for Neuroscientists 
Aor surnwesrene atl Were Recharat Cee for netave Neuroscience (I) ln Tabngen 

Faculty Position in Cancer Biology ‘Tne Warne Reichard Centr forte Neuroscience (Cn apna nto ate 
The Children's Rewearch Insitace(CRI at | | | Ebrd Kas Unrly Tubingen ey be Geman Buster ave aan The CN aves 
eUnhentyoTereSeuttwesters Medt | | | Geqenorunedng low Bran grees incon anh ran deste rp os, Kar 
{he Ley Teme Hectivemrs Meat | | | (ets vent nny acbied vegies ie peo in bah duster se cain oa ae 
ae ee rn eeneseaam | | | oped ancl h may saet ergy on comput soscs Ie soi presided oy Be 
tenure-track facalty pollen nthe areact | | | CoS bt penne indeiargl ban haan an yb ceed by sega sta 
concer Mag Cuneiag vents 3 ‘SPanang mil evel agarzon an pong he nowy ose rhe any eet ae. 
TaveAPRD. MLD orequnalcntdepecs and | | | Ino stnghen strech ans he Cots ee re jn gaupeader (RO) pone 
thc sity W atta ucpendihfunied | | | whiz to epor br upanécoming ay sens wah a pomng bed cas wok # Cope 
eee eet nacre Tle | |_| Neuoscinc, Systems Nesroscincs or Neurtecholgy ha CN saves o novos be numoe 
sain ‘ere cri eae quaied lem eanddts se pic encouraged spp Subesson 

: ‘ange 18. 

The UT-Souhwestm Maia Cene ae 1 
Jong and distinguished history of excellence bivgimei 

gon lg excel ‘reader ol ho postin sr 5 year win evans yea expr tpn 
in diseased basic scene reseach-The | | | [reeves evasion ators he Rylan alse acolo wich ray a 
CC iss new iste reuting oustanding | | | leaionpceeanp ate vet eae, Sap inde salar rea kd pear 
Inv deca w sling funda | | | an raving coc be ava tlw Gopndon apenas an px grees. 
‘robles inbslogy an dcae TheCR!'s3 | | | Sppotes vibe iments lad ache passpars mt GN wc lo jove briny nd 
‘mami mioulaig.andhgly colsbonave | | | cree spc. The led wits pod wopprunte sane Ween oad ang 
<i envonmeae Mar acs eftlcus | | | tie fonavar! be GM Grate raring Coie ar faces rected n a CA wl rove 


protester the Garman hablisionaccrang lo esblshed tubs, f deste. According to Geran 
(dr soverely sable prsors wih equal occupational pte wi be gen peerenlconderan, 


‘Application 
‘pleats shou subi cucu vio, pt es ofp lo 5 key publica 
‘ne, salement of research achevemenie and fue Src rtf 


within the CRI willinchude str cel blog 
‘ance bislogy. ad metaboli, 


Please submit w CY, a -poge summary of 
fast accomplishments and research plats, 


find ask thee weferences to submit lters a 
. ‘iceod 3 pages) as wal ashe anges aessas oles Bree eres. CIN 

bby Nvember 1 2012 w CRIAppI Ai doumers shoud be sted deconcaly to te Chaiman cl he ((G@ yon tow, 

utsouthwesterned, ‘emer Rechar Conte ir tegatve Neuroecerce Tanger, Prot Or ‘QS fnmtetesin 


Peter Tier at cnunbbiogen de For itr faraton on he CN ee 


UT Southvesters wn Equal Oppartuny 
hip nas sustingen Submision deadlines Oct 15°, 


Aoetive eto Eins 


ience Careers 


UNIVERSITY WISCONSIN 


UWMILWAUKEE 


Faculty Position: Fisheries & Aquaculture 
(AssistanlAseociateProfessonProtessar), 

The University of Winona Mibwauhee (UWA) School of Freshwater Sciences (SF) invites aplcatons 
{eran open ea ly portion (Assi Associate PrfesnProfese) who wil each a peor 
‘led rscarh cle the probleme of sabe rebate hei aed aicalistewithan egal 
tun stings We sek nv who alo have song lane on expeence tll nthe eae 
bendy ttn, od bel of ns The SP devcopog ovale center Gruen aquacule 
td the cesta canst il plead that eft alpine i cooperveproget Wih the 
USDAVARS ad ther goverment agencies, the agua nds, planer and eee 


Postdoctor 

Fellowships Available 
sive Caneer Center (LCCC) at 
csacerroscrch Sucoful ppcan Wilehoone 
eteatr Het an iacdacaiay arp of iver 
esearch programs acl: 


‘School of Freshwater Sciences 


Applicants st bold PAD or eguleain agua sine isog, aque orale) reed Bld 

todevelop vigorous tera, collaborative catauraly Tue research ogra ahd apy tots and residence 

2Snen and enpacring ts soe problens acing bene fsb and ageacre | V” gulgmmtpopresion 

Sweclmencr 

Rale fetal a etcer 
raceuarepdemingy 


The Schoo of Fesivier Sciences ep a ton of svar staat UM ht ha sn ca 
‘lo out the Great Lakes Research Fasy since 14: Reseach ad eesti i enpatd ocoe r 
‘Soci thames reshwatr system ami: haan al ecosystems heh sate wee a 
Trestwater economies. ple, and management In pruing tee muldciplinary tne, SF weeks 
witha wide range of arnes ide und pti the ves SF ira grade degre ool pega al 
Toely tench ao advise student a he raat vel 


a 


eesti TIO postdoc Ml Io fuer le 
li Salary ts eompetive sd conmesiate 


‘elm ise: ariel eseurh playa eh erent sd exarpes fpblisd wrk. The application 
leis should be subi leronicall 3 hips/jobeuwmeduostingy 1049, nual seein of | | J eh qsiicaions and experience, Applicat 
‘pps wil gin on November 2017 pd wiles wl posta sted Questions shoud {| Ypugl smh cualu sees aa sotemeat 
Sect to Dr. dob Janssen, Sear Commitee Chal, Sehoal of Freshwater Sciences, 60 East | | yftesanch irs an career tulad he 
‘Green Avene, Milauhce, W130 or Janaenguwineda Unies Waconutrtopea condslow, | | | agedaces cehmcrclotee ic Keres 
‘emt fo coeds wl be boone, case teas aod ls ofl flats tbe coed | |_| Satpnard or ional geergrarnmae 

pen aque UWMolfrs competitive slay andstatup phages commensr witkexparcne Farber 


Miner and women are strvegly 
encourage te apply. US eizeaship or 


LWA a gal Opportmin Afrmative Acton Emplover permanent seudency i required 


Keck School of Medicine of USC 


Department of Stem Cell Biology and Regenerative Medicine 
Keck School of Medicine 
University of Southern California 
‘Assistant Professorships In Regenerative Medicine and 
Cancer Stem Cells 


NORTHWESTERN 
UNIVERSITY 


Neurobiology 
Assistant Professor 


‘The Depurtment of Stem Cell Biology and Regenerative Medicine & 
‘ecru candidates whose reeearch foctaes on understanding fundamen 


‘The Departmeat of Neurobiology inthe Weinberg College of Arts and 


{al pinciles of regenerative processes and developing knowledge-based 
pproacos to organ epi, The Departments housed with the newly 
‘ated Eli and Edythe Broad CIRM Centr for Regenerative Medicine 
find Stem Cell Researsh within the W. M. Keck School of Mdiete at 
the University of Southeen California. Significant esouees ae avalble 
{espe all pects of tem cell esearch win the bulldog and ad 
‘eat caters, Excellent collaborative opportunites exist aross the USC 
‘Campuses: The Deparnten is secking sears esearching regenenstive 
techanisms of tissue epi, and in conjunction wih the Noi Cancer 
(Comer. scholars investigating cance stm cell. Inaddtiont is tesearch 
slam all members wl lay an upartuat role mtb educational ms 
‘soa of this newly created Deparment Generous start-up packages will 
‘beawanded to the sucessful ganda, 


(Online applications willbe accepted far each sete, please apply spe- 
‘ically fo the seuch in Regenerative Medicine (htpa/Jobnusedu 
"pplicanta'Central?qulckFind=46422) or Cancer Stem Csls (tpt 
‘ijebs.use.eduapplicsnts/Central?gulekFind-66421), Applications 
‘should include ltr of interest curiculum vitae, bieT23 page outline 
‘ot research pas, present and futur, aad four leters of reference The 
pplicatisesponuible fr ensuring the compte apleation sreceived 
Before November 21%, 2012 


omen end individuals elon to minor grap ar particularly 
encouraged appl The Univeral of Sathorn Californian Eu 
Oppornnity Arma Action Emplser 


Sclenos, seks to eeuta new tenure-track faculty member atthe level 
‘of Asistant Professor Applicants holding «Ph, andr MLD. degree 
Sd demonstating an outstanding record of seintii achievement will, 
be considered: Weare intersted in ndividals whose esearch adres 
findamental sues in neuroscience aad who show significant potential 
for ination, scholushp, and commitment oexcallence ia research 
ain teach 


‘Sucesfil eanidates wil be expected o establish und mains high 
profile researc program atvacting substantial extramural fusing. The 
Sppoince will have acest to stt-o¢¢heat Hfescience research support 
{teltes and oppor to nersct with elleagues in the Instat for 
Complex Stems, Cogative Newly and Alzheimer's Disease Centr, 
‘Center for Reproductive Seenc, Center for Sleep and Cteaian Bio 
Robert #l. Lave Comprehensive Cancer Center and an intendpartcaal 
seuroscince graduate program wit over 130 fac 


Aplicnts willsubmit (in PDF frm) cover let, a CV, nd descrip 
tion of tesearch plans. For deus on preparing the application, plese 
‘ini wwaeurebologysuorthwesten.edu.Plese lan ia rogues at 
Teast tte eters of reomendation. Applications seceived by month 
dat, yee will be ensured ful consideration, Al ter inquires may be 
‘isced to aeuty search emall address, 


AA/EOE, Women and minty applicants are encod opp 


Virginia Tech Carilion 
S| RESEARCH INSTITUTE 


Tenure-Track Faculty Position 
in Cancer Biology 


Tue Virals Tech Carillon Research 
Inatiute (VTCRI) in Roanoke, Virginia 
(htpreseareh seed is wcruiting 
fenwe-trackfenured faculty member ia 
ancer biology The poston maybe led 
the Awan Aswcate oc fall Profesor 
level The auceesfl cana wil have 4 
PRD, (oe MD/MMD. of DVALPAD,) 
postdoctoral taining experience anda recon 
SS spniicant accomplishment appropiate 
{or tank The position is a L2-momth 
ppoisnent wih par) emphasis oa 
‘earch, Esblabed investigators, with 
‘rong lagovstive research programs and 
‘sraural funding ae encontaped to apply 
hough posing janie candaates wil be 
feamdered Start-up packages, ne facies, 
‘Se suppor ase gly compete 

‘The VCR opened inthe sununer of 2010] 
fin carenily fae 9D Tauly search tea 
Keats tn stucal biology ocular and 
cellular newobiology, molecular violony. 
fumor biology and. genetics, case ad 
‘egonorae mclicie:Cutetareas af focus 
fr cancer biology inlade maligna train 
ttmore and eet cancer The ese bt 
SNaeathat facies tn mlectla Wolo, 
‘optical iaping. high field crye-lecyon 
‘hcrouopy and nageticretoanice aging, 
‘etrophilogs computation al high 
‘apucty data analysitnage anda new 
‘anu Dating this peso of major growth 
forthe new iste, we are especialy 
{tered i colleagues who enjoy highly 
‘llaborsive envionment ahd seracing 
‘wah aver Irom te own, a well 
ther dcp ncuding those woking 
‘olecular, cellular, systems, and 
Senputatioal feels with anal idle 
ftiman daca andor humans, Investig 
using melccular genetic approaches to develop 
Iivave approaches for ientiying 
omar, sane dagostic aad potent 
sherpeut pt ate encouraged wp 
‘The VICRI is itamedialy adjacent to the 
(Caio Cline at ospal andthe new VIC 
‘School Modine where alia studs 
Say out Tour jear tesa projet The 
Tania as ston collabostive ey withthe 
Vepnis Biifornascs Insite (VD al 
the School of Biomedical Eapiaceing and 
Sciences (SHES) at Vigna Teel, (VT). as 
‘ells whe VT Deptt of Bilal 
‘Scinoes, Bachem, Psi, Pyehoboy 
aaa the Collegeof Veeinary Medicine. The 
Rear Instn ant Medial School ae 
‘ead inthe puctuesgue Roanoke Valley 
‘mudway' between  Weshingion, DC and 
Cate, NE 

Inerested and competitive candies should 
Sd cover tr, hes ull CN, semen of 
‘seach plans ad he ares fl alesse 
femal adieses of the references to 
the attention of Cancer fculy poston 
VECKI "i" secasle@vterytedu belore 
November 1, 2012s well as posting these 
‘tutes oa the. Vigiua ‘Tesh obs 
{utps:/istings.jobs.vt-edu applleancs 
Central2quickFind=196038. "The. tice 
Support eters. should be addressed to 
Mlchae! J. Friedlander, PRD. Executive 
Director, VICK and seat by email deus 
from the referees to Ms. Surah Case st 
secaslegivieviedu indicating Cancer 
Postion, 


Vigna Tech an Equa 
OpportuntsASiomative Action Isinson 


‘University of Nebraska-Lincoln 
Institute of Agricuiture and Natural Resources TAN 


Hydrogoophysicist, Assistant Professor 
Institute of Agrieulture and Natural Resources and 
the Robert 8, Daugherty Water for Food Institute 
‘University of Nebraska 


The nau of Ase and Natural Resosce tthe Univers of Nebraska, wits support ar the 
Fiber B. Daugherty Water fo Food Ise (DWE) ts completing chaser i ely tame 1 
ld exiting netic award tthe eve ode ltl Iydropeosin ace, 
1 os conpletn an rpg senso wl be hie. Tsien ely sees wl 
define wt adret copeling toes he te of water fa Nets’ glare, epecly Ue ict 
‘nad onsale agua ecologlea al exvroumentalsyteses ta lave bel lesions. Vit 
the WET web ste for ee torsion onthe ogra Mp! Watertrtood erase 


Ami tne sulin Schoo cfNatual Resource le Deprtnet af enamy anaes 
Digrtacat a lope Sytem Enpring te Daprncs of Suse os eeaton depend 
onde cet cadatst e etperie The cscdeodda epee lend and coos 
insgriclral ops the water sop, awl beanie ots sing ae apa 
tr anatmamnglg watt tabi ecani tn tomcat well To cto in i 
flea pig cvramenl pons doesn, cry wi gett 
‘Spencers dey th fed equa A eny cacnent ws diconand et eet 


To iew he empl postion dai and mae application er this postin, to he LNL Exponent 
‘sc te hpsempleymentueda, sear regulon sumer 12076 Compl he acl seer 
for thee professional references. Review of applications will bein op Nevember 1, 2012, and cote 


The Universi of Nebr ha a ctv National Science Foundation DANCE pede equity 
Proprio onl omer felt Sm omy teak Airman Ee! 
‘Gprotiy work balmcr and dol come 


TANR 
Director of Research and Director of Policy 
Robert B. Daugherty Water for Food Institute 
University of Nebraska 


The University oF Nebraska (NU is secking two dynamic and creative leaders wih visio be the 
Disstrof Research an the Director of Poy in the Robert 8, Daugherty Wate for Fond lst 
(DIET at the University of Nebraska. The Diectorof Research wil be rexponsible or lai 

nd coordinating the research programs ofthe DWEL and for fostering the develope of sta 
partershipe and an extensive knowledge bast develop innovative, effective sautons tthe global 
fhullenge of securing more fod witless water, The Ditstor of Policy willbe responsible fo ea 
ing and coordinating the line’ policy development and nasi actives an programs: Both 
positon are enure-lsbefll-iane appointments reporting tthe Exseutive Disco ofthe Wate 
Fac Food insta, Facly rank and enue will be aaiableo candidates witha tenia degree and 
anpeopvst academic accomplishment These positions ae pat ofthe 

Team which iseludes the Digetor of Policy the Dect of Research the Associate Diector, athe 
Disctr ofthe Nebraska Wsse Cente. Additonal infoxmution onthe positions andthe University 
of Nebraska canbe found at: hp naterforfood. nebraska edu 


Individuals intrest in making aplietion should scees the web si: htp/employmentanLed 
search for requisition umber 120121 (Dieetor of Reseach) or requisition number 120175 (Die 
tor of Policy and complete the felt academe administrative information form. Atach 4 eter 
of aplication, «eurictum via, conte information (ailing adres, phone eumber, and eal 
Sars, if avalable for thee profesional references, and vision sistent for a esearch agen 
(teq #120412) or sision statement for policy research an stays (req #120178) fe the Daushery 
Water for Food laste (Othe), Review of applistions wil bopin November 1, 2082, and will 
continue unl the positions are led othe searches are closed 


The University of Nebraska basa ative National Sconce Foandation ADVANCE gender qty 
program, and commands a plastic campus communis ah Afirmatve Seton, El 
Opportinty, wre Balance, and dual arr 


EPPLEY INSTITUTE 


Nebidska (7 


Medical Center 


Eppley Institue, home of the NCI-designated University of 
"Nebraska Medical Center Eppley Cancer Center sceks candidates 
for fill-in enue rack faculty postions. Candidates are expected 
tn develop an independent extramural funde 

in basictranslational cancer research complementary to existing 
strengtis and allied withthe overall directions ofthe Center ar 
ticipate graduate-level teaching in the Cancer Research Gradate 
Program andor other UNM graduate programs and engage in 
institutional service based on their expertise. 


Areas of particular interest include chemical biology with the 
‘hjecive of (a) ielifying novel therapeutic agents tsing high 
throughputlsystems biology, (b) targeted cancer therapies, (e) 
‘experimental cancer models and (d) biological evaluation of 
unomedicine eancer therapies. Eppley currently has 30 tenured 
tenure-track faculty and the Cancer Center hae aver 100 primary 
member that focus on externally funded esearch 


‘Candidates must have a Ph.D. and/or a MLD. degree and postdoc 

toral research experience, Faculty rank and compensation DOQ, 

Start date i uly 1, 2013. Applicants mast apply oaline at htt 

jjobs.unme.edu/postings/13764 and attach CV and three Ie 

rs of ceference, Additional information can be found st tp 
sdulcancercenter. 


EEO/AA individuals from diverse bac 
re encourugd ta apps 


us 


FACULTY POSITION IN CELL BIOLOGY 
BIOLOGY DEPARTMENT 
BOSTON COLLEGE 


ative ASSISTANT PROFESSOI 
wih the expectation ta th succeul onda 
‘esearch prog, The sncesfl applicant vl fave nosso ellentiped 
cima ill, cove laboratories with tte of the a astumetaion or 

substi compat 


finds and resezc s 


se hip 
ans) ns 
stud par 
Department. This apiniment wl Boga ono ar July 1,201 


Tor pales of caren nally research 
wil be expecta otis 


Aplications received by Nevember 15,2012 ae a 
aon, Review of pplication wil coiue unl the 


oil conser 
ta lle 


a 
Bese 


Qualications-A Doctors 


There’s only one 


PRIZES POSITIONS OPEN. 


% MERAC Uv CASE WESTERN RESERVE 


JUNIVER SITY 
Launch of MERAC Prizes for 


esr 1826 


young European astronomers th vibra and well-funded Hearing Research Program win the department CWI provides 
FONDATION MERAC is a non- | | | thecandsate expects develo asrong program of esearch, be actively involved in resident 


profit foundation started in 2012 spears 


with headquarters in Switzerland to 


recognize and support young European | | | Departments af Genetics und Genome Sciences, Neuracience,Pharinscslogy. snd B 
e yearly three | | | Enginesring inal Bisifornatis and The Cont 


stronomers, There 
MERAC Prizes awarded bythe European 
Astronomical Seiety (EAS), The pi 

‘of EUR 20°000.-ate foreach of the three 


eategories: Theoretical Astrophysics, ‘econ ad he potential to secre extaial ning Senda samen of races teaching 
Observational Astrophysics, and | | | interes, curiculum vitae andthe names, adresses nd phone une of tes toive references 
New veatnolagies (hupaacaal Sr Angas Elston th spcatos wl tegin Oto #3012. Appi le 
Computational). ‘commited to Equal Opportunity and Divert Wore, veterans members of underrepresented 


The FAS Council invites EAS members | | | Mune stuns nt inividiels wih a z 
'w nominate suitable candidates forthe | | | Gita. Applicants egusing 2 eaconable accommodation 
MERAC Prizes of 2013. This being an sa ii oct he Ollce of lnclsion, Diversity sad 
thetic prizcr we Best | | | Hosoi w guts nme ctamraine Demon 
uyp:/eas.unige.ch/merse_ prizes. jsp Emails naiaienecd 


POSITIONS OPEN. 


Yale College 


Environmental Studies at Yale-NUS College 


Early Career Researcher Prizes 


Sunday, September 30, 2012 


is the nominal deadline for nominations 


MINES MEDAL 


The newly estblsed Yale-NUS College in Singapore, coll 
[etwoen te National Univers of Singapore (NUS) and ale Un 
‘Raesking fact of all ranks the broad sea of Environmental Stal 
‘Weare terested in teacheracholars who work the inttsction ofthe 
aural and scial sconces, acing but oot ited to envtonmcatl 
fs met, soci, environmental 
ia and policy, and wat resource sucatablgy in Ana other colons SOUTH DAKOTA SCHOOL OF MINES AND TECHNOLOGY 


and word. CONGRATULATES THE 2012 MINES MEDALIST 
DR. DIANA WALL 


We sec outstanding candidates forthe inaugural fcuhy wh 
Particular interest n undergraduate fetching toa tesdental set 
wnat inovatve pedagogy. Cantos with ea 
ing oa interdseiplnaycomison cuca oh 
y welcome. Faculty are capt 
Inresearch esperiences. Startup funds and ential fescarch funds oa 
a competitive has ar availabe tucugh he College 


Environmental Sues i one of tne intertscpinary majors (Urban 
Studies and Gial Aus are the others) tat draw fom the natural 
Sciences, arts and huanies The College wil no have disciplinary 
departments, but joint sppoiaatents with NUS departments can be 
auanged in cases where the tavolvement of Yale-KUS faulty with 
‘seat frites, graduate tudes andor activites at NUS weald be 
‘mutually bene Salary, benefit and lave plies wil bcompetiive 
san ifernatonal eve. 


values diversity ands conumited ta equality of parti. 
All partes ofthe aplication process and inks tothe applcation st 

Ic NUS ca be found at www.yae 
ml. Review of uppliatons begins on 
SU3012 and wall continue ul posto ae file. 


wwwsdsmtedu 
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"EN TOSITION: LECTURER with 
‘orem for Security of Exoploysest 
The Schou of Bislogial Siences 
‘nlveriy of Caiferets Irvine 

Applssnn arsvtefor a fale sea yar 
Lecter Fore Sec of ipo 
Curate serrate sl Makers Pog i 
Hagel Soenes Eder Say wil be some 
‘inte with ection and xpencnee This naa 
Wilbe gull ota ia hte Bilge Sen 
Eth prapenand te undead Bcogeal 
Sconces prone The gcc apca em Rave 
STR hig, cea eat serie dscing, nd 
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enach ew Cpeeace ecny scoac to high hoed 
‘Sloan fcc wal be pet wpa ane 
the lay wo wate succes pra psn oe 
‘nbohie coo oe sede og ee 
‘Sint ae» eae ao ck 
‘pond x chon aid yur Sede expert 
c's doce laten of commendation” Reve of 
{plcinn ll bop cn December 1, 2012, hur he 
‘kn il eae open ed Appl 
ote false ke rane URL oat 
the eaeted mpc webae hipe//tecraap.oc, 
‘lu/apphy/Ieeowwon. 

Ta ie (CD El Op 
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ad wt ae ln oy fl 


VERTERKATE PHYSIOLOGIST 
Dickinnoa College 

‘The Hogy Degas at Diao Calle eesa 
sexes pipe tl ano tae tack ASSIST 
ANT PROFESSOR potion bona Jay 1 2018, 
‘Acasdse wi racch and teaching esperane 
‘he Bk of endacipnnacle, a/c 
‘gy dered Teac reps lla 
‘Stetlacery bkoy, ov we 2 oppeslee coe 
[gsilogy fal te Cd's 2 of capt fo 
‘Eferment tha suppers majo pours Belo, 
Bahco Mlcenlr Bak e Newimcenes 
Thc someafl space vil nc sce on seo aed 
‘Seta ett dbo ae ae pce 
{2 the new competed Rect sence ems aad 
‘le cape eel gon rexel progr 
{bvalang undgadiner A PhD. i requse pose 
ice espennce peed. Ree of spans 
‘begin cn Oc 2012. To apy ed et 
(Poppleton, cnsehin ae atten ech, 
$lopiiy aad rear nrc, ap ce eters 
{ert to webite:hupe://jb dickinson ed. Lo 
‘Stel in sna cet Peon, Dict earl 
Sent of 2300) lyse nabs Moe as 
Siege hates tn mnnsane ace tela 
‘Sal Nido /ay e 


‘OPPORTUNITY DEVELOPMENT 
MANAGER SOUTH CENTER DS. 
Oppestusity sor Oppomty Deselapmcat Ma 
ger Te ison abort, nated Hae Ha 
Br Aine, catering South Cental US. (Tes, 
(Glia, Ladsinna Abas, Coloed ad Usk) 
Biel Soe Dates ede enti, sogating ad 
imps sate elt heels 
‘Sorta plactacrte pres wath ogi, diet, 
festa esac pes nd pretences, 
{xc rsp sr emus eee aa ma 
gent eres etc and edad Ba snipe 
‘rn. Pent ees ars degre or ihe 
EE Lit Anna Selec er Bahcor's dees 
aa ps Bie yas cr tone fempremive dvr Bo 
tsodcal br anita ser tls expec lading 
ocumested, scold maepemenr pein 
“regulon dena eperene, Posten ees 
‘acetal tatoo trey, se 
Since near taj spr eed ter Ap 
‘Gots apy onl at bate: hp/ fori 
‘Sp wits ante eter an! eum to fob eequaion 
ae we 
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DSITIONS OFEN 
FACULTY POSITION 

Assistant Brofesor in Enkaryede Call ology 

The Department of Diag Sacre at Welesey 
allege itn splat for 2 tenure tsk eal 
Pt a he ab! Auaant Drs ot 
Jay 301 We chs broad mnt col fooga 
temp cmcntied fo ecaleae w foth Eig. 
dnd soeatc iat lena heral ar cle 
‘nea The tion open mie a er 
KEzjenc all belags however, we ae patch 
‘Sie bean! wah epee tei ko. 
Ts akin to teens im oar clr low) cone 
Eicteuamy sectenfl Salar wenld oe posed 
So aff edrenced conto tn tice speci, tat 
"vp an tne esearch rogram tht les unr 
fadumes APD and pondoctra experience se 
equi. Applications should clue a Cover lee, 
‘sien oe setanents Uf aching ed ce 
ioera and it een of ecomenae (eo 
Heaps el request ae al ema aes 
tc Par escenario abet 
ies dri) teal sh beset by 
‘hg tr apne eines bet /erer de, 
tar If ctuetances emake pene abet 
fatols online lowe send 4) ema: working 
trolled Te deadline Sor secipe of ll app 
‘Shin scr & Octber 22,2013 


ay Cage Afi pa Opty 


TENUKE-TRACK POSITION 
Departcont of Chenoa! Engineering aod 
‘Materials Science 
Univesity of Calfomnis, Davia 

Applica ar eS fchy pit tthe 
ASSISTANT PROFESSOR le! an Chemical eng 
ecing Al ates of esprtie wll be considered a 
‘andldsies witha inne ste are ef ata re 
‘Spel encnuaed tn app The end ould 
Ee envy strc reed wih de pci 
‘tra to br becomes er 1 Bd. Ci 
‘te undeyradinte st grate cstin 
Seca APLD, fecha eagiecrang era ciel 
“iss requ Caait website: hp /c 
‘ngineringundaviady/ ror on-line span 
tere dragon, Te pon pew 
ae br Sur fl ron, appbeatns 
‘fold be sated hte han Oster 1, 2013, 
Fes tar ite Jl 1, 2013 


We 
deliver 
customized 
job alerts 
and more 


[rentarumalscene — RVAAAS 


‘www.ScienceCareers.org 


Nontraditional 


Careers: 
Opportunities 
Away From 
the Bench 


Webinar 


\Wantta eam more about exting 
re rewarcng careers outside af 
cademic/indusal esearch? 
Vw a roundtable decusson that 
Took at the various career options 
pen a scentts and sratepes 
you can use to pursues 
ronvesearch core 


Now Available 
On Demand 


wwwsciencecareers.org/ 
webinar 
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Purification was never easier! 


QlAcube and iPad 


Information, update alerts, 
and much more at the 


For a limited time only, we are offering the awardwinning spincolumn instrument, 
GlAcube®, together with the new, dedicated QlAcube app and a third generation 
Apple® iPad, further facilitating sample preparation by adding: 


Easy access to more than 90 protocols for DNA, RNA, and protein purification 
Automatic checks for new protocols and software updates 
© All the user support documents you need 


Contact QIAGEN today or visit www.giagen.com/giacube-tablet. 


eneee. 


Sample & Assay Technologies 


INDATION 


Little Genius 


€ 


BLItz brilliantly packs the power of Dip and 
Read” label-free analysis into a personal assay 
system. Give BLItz a drop of your sample and it 
does the rest! 


+ Protein presence/absence in seconds 
* Binding kinetics assays at your bench 
+ Protein quantitation in seconds 

+ Develop immunoassays in minutes 

+ Easily analyze crude samples 


Cleverly priced under $20K so you can have 
your own little genius. 


Want to try BLItz In your lab? Visit 
BlitzMeNow.com or call 855.BLITZ.ME. 


fortes wenn 


MPC-200 
Multi-manipulator system 


Versatile: User friendly interface controls up 

to two manipulators with one 
controller. Select components to tailor 
2 system to fit your needs, 


Expandable: Daisy chain a second conivaller and 
‘operate up to four manipulators with 


fhe input device 


Sable spper motors and gost raled 
bearings guarantee reliable, 
rittree stabil. 


Doubly Quiet: Unear steppermotor drive reduces 
clerical noise Thermostatcally. 
tontralled cooling fans 


Saray whisper L 
Make the a 


right move! 


Creative Thinkers! 
Bold Ideas! 
Accelerate Research! 


Submit a one-page concept for your chance to win $3,000 
Lear more at wwwneliih-gov/challenge 


SCIENCE & 


DIPLOMACY 


Launched in March 2012, 

SCIENCE & DIPLOMACY 
provides an open acces 
for rigorous thought, analysis, and 


forum 


insight to serve stakeholders who 
develop, implement, and teach all 
. 
arn more about the latest ideas in 


aspects of science and diplom: 
I 
science diplomacy and receive regular 


iDip on 


updates by following @ 
‘Twitter and registering for free at 
www.sciencediplomacy.org/ 
user/register. 


WWW.SCIENCEDIPLOMACY.ORG 


Selence & Diplomacy i= pubhed by the Canter for Sclence 
Diplomacy of the American Associaton fr the Advancement at 
Sclence (AAAS), the wel’ gest general selene secey. 


JAN AAAS 


SCIENCE & 
DIPLOMACY 


LIFE SCIENCE TECHNOLOGIES 


FIELD EMISSION SEM 


‘The SIGMA HD is a high definition, field emission scanning electron micrascope (FE- 
‘SEM that offers high resolution, fast imaging, and easy sample navigation for nanoscale 
analytics. SIGMA HD incorporates advances in electronics, detectors, and chamber 
{osign far imaging resolution as small as one nanometer. I availabe in bath high- 
\vacuum and variable-pressure modes of operation. Furthermore, a five-axis eucentfic 
lage makes navigation around large samples easy using both translational and tited 
‘movement. SIGMA HD offers unlimited analytical options through diametrically opposite 
chamber ports that facitata the mounting of two energy dispersive X-ray spectroscopy 
dotectors for maximum solid angle detection. n the instance of beam sensitive samples, 
this permits low probe currents fo be used while maintaining high X-ray count rates. The 
favorable geometry afforded by the chambar design liminates X-ay shadowing fects 


Carl Zeiss 
For info: 800-293-2343 | www.zeiss.com/sigma 


New Products: Microscopy/Imaging 


DIGITAL PATHOLOGY SCANNING. 
Batch processing n both brightfield and multichannel fluorescence, 
coupled with user-tiondly worklows, makes the SCN40O 2.2 scan- 
‘ing platform an all-around high-performance solution for digital pa- 
thology scanning. With up to fia fluorescence channels per side, 
the SCN400 2.2 provides a tly flexible whole-side scanning solu- 
tion. Capacity for multiple fiter cubes enables up to seven distinct 
fluorescence channels o be utlized across a seanning batch, Mon- 
chrome detectors for fluorescence provide excelent separation of 
Individual tuoraphores that may be close in wavelength, while color 
dotectors for bightfild provide excellant digital side capture qually. 
For brightfiold imaging, the advanced tissue finding system automat- 
cally dentiis areas for capture, while the Dynamic Focus removes 
the overhead of slide premapping, rapidly scanning high quality 
\whole-side images. With the addition ofthe SL8O1 autoloader with 
capacity for 384 sides, the SCN400 2.2 becomes a truly automated 
high throughput system. 

Leica Microsystems 

For info: 800-248-0123 | wuwleica-microsystems.com 


IMAGING CYTOMETER 
Caliga is a mulapplication cell imaging cytometer able to perform 
bigh-content and high throughput fluorescence and brightfild collu- 
lar imaging and analysis with minimal sample manipulation. The Co- 
ligo Is designad forthe rapid image capture and processing of cells 
With minimum plate movements and sample disturbance. Proven 
‘with both adherent and nenadherent call typas,iishigh resolution im- 
age acquisiton coupled with uniform, high contrast and even ilumi- 
nation allows identification of “every callin every well.” Compatibility 
With Society fr Biomolecular Sciences (SBS) multiwel plates along 
with T25 and'T75 culture tasks. a simpltied worktlow for all assays, 
and enhanced sotware capabilities enable the Celigo to be used in 
a broad range of applications, including: tumor growth analysis in 
drug screening, single colony verification, cell migration measure- 
‘ment, aulomated measurement of cell counting and confluency, and 
reproducible and reliable embryoid body segmentation. 

Brooks Life Science Systems 

For info: 858-527-7000 | www.brooks.com/celigo 


FIELD EMISSION SEM 
The JSM-7R00F represents a signfleant leap forward Infield emis- 
sion SEM technology, with unmatched resolution and stability for na- 
rotechnology imaging and analysis. The JSM-7800F uniquely com- 
bines an in-ens field emission gun with an aperture angle control 
lens, optimizing large probe currents (up to 200 na) for aperation at 
the smallest probe diameter. The new super hybrid lens design and 
versatile In-column detectors with fitering capabilies allow obser- 
vation of any specimen, especialy at ultralow accelerating voltages 
down to 10 V. The SEM excels at low accelerating voliage X-ray 
spectroscopy and cathodalumminescence, combining large beam cur- 
rents with a small interaction volume and dramatically increasing 
analytical resolution to the sub-100 nm scale. Beam deceleration in 
Gentle Beam Mode decreases charging on nanconductive samples 
land reduces lens aberration effets far extreme high resolution in- 
‘aging. The JSM-7800F Is sulable or a wide variety of applications, 
trom cryomicroscopy to electton beam lithography, and can be con. 
figured for low vacuum operation, 

EOL 

For info: 978-535-5900 | wwwjeolusa.com 


CELL CULTURE DISHES: 
Sarstedt introduces new lumax cell culture dishes with ultrathin, 
fgas-permeable flim bases. At only 25 ym thick, the lumox. fm 
base provides superior optical quay, very ow autotluorescence, 
and high ultraviolet (UV) transparency for microscopy and imag- 
Ing. Unlike specially dishes with covergiass bases, the lumox fn 
is gas-permeable for effective gas exchange and homogencous 
call growth. The flm has excellent chemical resistance and can 
be easly cut for coll isolation or storage after fixation and stain- 
ing. Lumox dishes are available in 35 mm and 50 mm diameters 
and with surfaces designed for ether adherent or suspension cell 
cultures. The 50 mm lumox ish can be combined with Sarstedt's 
lex:PEAM dise reusable insert for subdivision into four chambers for 
parallel analyses. 

Sarstedt 

For info: 800-257-5101 | www.sarstedt.com 


ecroncaly sb your new product desertion or produc Itrature formation! Gao ww.tlancemeg.org/productsinewproducte cl for mre inermation 


Tey ofered instrumentation appara, and laborsarymaleras of inret ovessarchers val dcpnes in acaGemi, Indu, and vermeil organzaone ae 
festuted inthe space.Enphasie een ta purpose, ce characters, and avalablty of product and materia. Endorsement by Sienteot AAAS of any products oF 
tells metioned saat mpled Adlanaintarmation ay be obtained ram the manufacture or suppl 


wnsciencemag.org/products 
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WEBINAR 
Translating Genetic Biomarkers to the Clinic 


The Promise and Pitfalls of Developing Robust, Reliable Signatures 


Participants Wednesday, October 3, 2012 

Timothy J. Yeatman, M.D. 12 noon ET, 9 a.m. PT, 4 p.m. GMT, 5 p.m. UK 
Moffitt Cancer Center 

Tampa, FL 


scuss the pracicaltias of 


REGISTER NOW! 


eeBiar uctences tag During the webinar, the topics discussed will include: 


* Considerations for developing a robust, cinicaly relevant test 


+ Practicalities of cinical als, such as samp size and avalabity considerations 


+ Neigating the regulatory approval process. 
After the webinar, 


continue the conversation: 
blog.affymetrix.com 


You' alsa have the opportunity to ask questions af the pans 
during he lve Q&A session 


Webinar sponsored by Brought to you by the 
Science/AAAS Custom 
Publishing Office 


TOS Scie 
Affymetrix’ 


| WNAaas 


Hvalutionice fi 


More confidence in 
your western blotting. 
Better results. 


search. Together. 


